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ABSTRACT 

This  r e p o r t  p r e s e n t s  t h e  r e s u i k s  of t h e  a c t i v i t i e s  of t h e  NASA 
Biomedical  A p p l i c a t i o n  Team a t  t h e  Research T r i a n g l e  I n s t i t u t e .  Th i s  
exper imenta l  program i n  technology t r a n s f e r  was suppor ted  by NASA C o n t r a c t  
No. NASW-1950 f o r  t h e  r e p o r t i n g  per iod  15 September 1969 t o  14 March 1970. 
The RTI Biomedical  A p p l i c a t i o n  Team i s  a  m u l t i d i s c i p l i n a r y  team of s c i e n -  
t i s t s  and e n g i n e e r s  a c t i n g  a s  an  in format ion  and technology i n t e r f a c e  
between NASA and i n d i v i d u a l s ,  i n s t i t u t i o n s ,  and a g e n c i e s  involved i n  
biomedical  r e s e a r c h  and c l i n i c a l  medicine .  A t  p r e s e n t ,  t h e  RTI 
Biomedical A p p l i c a t i o n  Team is  s t a f f e d  by: D r .  3 .  N.  Brown, Jr.,  E l e c t r i c a l  
Engineer ;  D r .  F .  T. Wooten, E l e c t r i c a l  Engineer ;  M r .  E r n e s t  H a r r i s o n ,  M a t e r i a l s  
S c i e n t i s t ;  D r .  G. S .  Hayne, P h y s i c i s t ;  and M r .  B. W.  Crissman, Geophys ic i s t .  
A d d i t i o n a l l y ,  t h e  team draws upon t h e  c a p a b i l i t y  of o t h e r  members of t h e  RTI 
s t a f f  a s  needed. 

Nine medical  o r g a n i z a t i o n s  a r e  p r e s e n t l y  p a r t i c i p a t i n g  i n  t h e  RTI 
Biomedical A p p l i c a t i o n  Team program: Duke U n i v e r s i t y  Medical  C e n t e r ,  
Durham, North C a r o l i n a ;  t h e  Medical  School  of t h e  U n i v e r s i t y  of North C a r o l i n a ,  
Chapel H i l l ,  North C a r o l i n a ;  t h e  U n i v e r s i t y  of North C a r o l i n a  D e n t a l  School 
and Denta l  Research C e n t e r ,  Chapel H i l l ,  North C a r o l i n a ;  t h e  Bowman Gray 
School  of Medicine,  Winston-Salem, North C a r o l i n a ;  t h e  North C a r o l i n a  S t a t e  
U n i v e r s i t y ,  R a l e i g h ,  North C a r o l i n a ;  t h e  I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine 
of New York U n i v e r s i t y  Medical  C e n t e r ,  New York, New York; t h e  N a t i o n a l  Cancer 
I n s t i t u t e ,  Bethesda,  Maryland, Tulane School of Medicine,  New Orleans ,  L o u i s i a n a ;  
and Brookdale H o s p i t a l  C e n t e r ,  Brooklyn, New York. 

The accomplishments of t h e  Research T r i a n g l e  I n s t i t u t e  Biomedical A p p l i c a t i o n  
Team dur ing  t h e  r e p o r t i n g  per iod  a r e  a s  fo l lows  : The team has  i d e n t i f i e d  54 new 
problems f o r  i n v e s t i g a t i o n ,  accomplished e l e v e n  t r a n s f e r s  of technology,  c l o s e d  
59 o ld  problems, and on 14 March 1970 had a  t o t a l  of 64 problems under a c t i v e  
i n v e s t i g a t i o n ,  

S i g n i f i c a n t  t r a n s f e r s  of technology i n c l u d e  a  new m a t e r i a l  f o r  h e a r t  pacemaker 
e l e c t r o d e s  developed from space antenna r e s e a r c h  a s  w e l l  a s  uses  o f  computer 
c o r r e l a t i o n  t echn iques  i n  c a r d i o v a s c u l a r  r e s e a r c h .  
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1 - 0  INTRODUCTION 

I , l  In t roductory  Comenes 

S i g n i f i c a n t  b e n e f i t s  a r e  t o  be gained by apply ing  the  s c i e n t i f i c  
and technologica l  r e s u l t s  of f e d e r a l l y  funded research  and developolent 
(R and D) programs t o  o ther  problem a r e a s  than those  f o r  which they  were 
c rea t ed .  The s i z e  of the  n a t i o n a l  investment i n  R and D programs and t h e  very 
s i g n i f i c a n t  technologica l  achievements which have been r e a l i z e d  i n  t h e  p a s t  
decade demand t h a t  an  e f f o r t  be made t o  apply t h e  r e s u l t s  of t hese  programs t o  
the  s o c i a l ,  e conmic ,  e n v i r o m e n t a l ,  and hea l th - r e l a t ed  s e c t o r s  of our  soc i e ty .  

The Nat iona l  Aeronautics and Space Administrat ion (USA) has been a  leader  
and innovator  i n  t he  es tab l i shment ,  s tudy ,  and assessment of technology t r a n s f e r  
programs s i n c e  t h a t  agency was e s t a b l i s h e d  by the  Space Act of 1958. Through i t s  
Tech B r i e f ,  Spec ia l  Pub l i ca t ion ,  Technology Survey, and Regional Dissemination 
Center programs, NASA has been succes s fu l  i n  t r a n s f e r r i n g  the  r e s u l t s  of aero-  
space R and D t o  an  impressive number of nonaerospace app l i ca t ions .  

More r e c e n t l y ,  NASA has e s t ab l i shed  a  program which uses an a c t i v e ,  
d i r e c t e d  t r a n s f e r  methodology, I n  t h i s  program, NASA has e s t ab l i shed  t h r e e  
Biomed i c a  1 Appl ica t ion  Teams (%Teams) and four  Technology App Lica t i o n  
Teams (TATeams) a t  no t - fo r -p ro f i t  research  i n s t i t u t i o n s .  The methodology 
is a c t i v e  i n  t h a t  s p e c i f i c  problems a r e  i d e n t i f i e d  and spec i f i ed  through 
d i r e c t  con tac t  wi th  p o t e n t i a l  u se r s  of aerospace technology. The process  
i s  d i r e c t e d  i n  t h a t  t he  teams i n t e r a c t  only wi th  p o t e n t i a l  users  who a r e  
involved i n  reaching s e l e c t e d  n a t i o n a l  ob jec t ives .  These include biology 
and medicine f o r  t he  BATeams and a i r  p o l l u t i o n  c o n t r o l ,  water  p o l l u t i o n  
c o n t r o l ,  marine sc iences ,  mine s a f e t y ,  and c r i m i n a l i s t i c s  f o r  the  TATeams. 
The t h r e e  Biomedical Appl ica t ion  Teams which have been e s t ab l i shed  by 
NASA a r e  loca ted  a t  the fol lowing i n s t i t u t i o n s :  

Research Tr iangle  I n s t i t u t e  
P.  0.  Box 12194 
Research Tr iangle  Park,  North Carol ina 27709 

Midwest Research I n s t i t u t e  
425 Volker Boulevard 
Kansas C i ty ,  Missouri  64110 

Southwest Research I n s t i t u t e  
8500 CuLebra Road 
San Antonio, Texas 78228 

This r e p o r t  covers t h e  accomplishments and a c t i v i t i e s  of the Biomedical 
Appl ica t ion  Team located a t  the  Research Tr iangle  I n s t i t u t e  f o r  t h e  period 
15 September 1969 t o  14 March 1970. In  the  remainder of Sec t ion  1.0 a r e  
presented d iscuss ions  of BATeam ob jec t ives  and methodology. 



1.2 Biomedical App l i ca t i on  Team Program 

The s p e c i f i c  o b j e c t i v e s  of NASA% Biomedical Appl ica t ion  Team 
program a r e  a s  fol lows:  

(1)  Transfer  of a maximum number of s p e c i f i c  items of 
aerospace technology t o  medicine i n  order  t o  
so lve  o r  p a r t i a l l y  so lve  problems i n  biology and 
medic i ne  ; 

(2) Analyze, r e f i n e ,  and document t he  manner i n  which 
the  t r a n s f e r  of aerospace technology t o  medicine 
is  accomplished i n  order  t o  enhance the  understanding 
of a c t i v e  processes  of technology t r a n s f e r ;  and, 

(3 )  Motivate p o t e n t i a l  adopters  of aerospace technology 
i n  medicine,  o rgan iza t ions  involved i n  genera t ing  
advanced technology, and ind iv idua l s  who can 
in f luence  technology t r a n s f e r  programs t o  become 
a c t i v e l y  involved i n  more comprehensive technology 
u t i l i z a t i o n  programs. 

A d e s c r i p t i o n  of t h e  Biomedical Appl ica t ion  Team program can be 
f a c i l i t a t e d  by r e f e r ence  t o  F igure  1. Bas i ca l l y ,  t h e  team rep re sen t s  a n  
i n t e r f a c e  between medical i n v e s t i g a t o r s  and c l i n i c i a n s  and t h e  body of sc ience  
and technology t h a t  has r e s u l t e d  from t h e  nat ion" aerospace R and D e f f o r t .  
The team a t tempts  

DOCUMENTED 
RESULTS OF 

APPLICATION 

Figure  1. Poss ib l e  Mechanisms f o r  Transfer  of Technology. 

t o  couple t he  technologica l  problems and requirements  i n  rnedFcine wi th  r e l e v a n t  
aerospace technology and,  i n  p a r t i c u l a r ,  NASA-generated technology, The 
problems and requirements a r z  t h o s e  be ing  encnuatered 4n medical research  
programs t o  improve genera l  medical p r a c t i c e ,  The team a c t i v e l y  engages i n  
i d e n t i f y i n g  these  problems through d i r e c t  c o n t a c t  w i t h  medical s t a f f s  or 



"problem o r ig ina to r s . "  The i d e n t i f i c a t i o n  and s p e c i f i c a t i o n  of medical problems 
is  followed by a  search  f o r  technology which may be r e l e v a n t  t o  s o l u t i o n s  t o  t hese  
problems. 

General ly ,  technology r e l e v a n t  t o  s p e c i f i c  problems is  i d e n t i f i e d  through 
two approaches: (1) manual and computer searching  of t h e  aerospace information 
bank c rea t ed  by NASA a s  p a r t  of i t s  R and D e f f o r t  and (2) d i r e c t  con tac t  wi th  
t h e  engineering and s c i e n t i f i c  s t a f f  a t  NASA F ie ld  Centers .  Technology r ep resen t ing  
p o t e n t i a l  s o l u t i o n s  t o  problems i s  channeled through the  team t o  t h e  problem 
o r i g i n a t o r  f o r  eva lua t ion  and implementation a s  a  s o l u t i o n  t o  h i s  problem. 
A l t e r n a t i v e l y ,  and l e s s  f r equen t ly ,  t h e  team e s t a b l i s h e s  a  c o n t a c t  between t h e  
problem o r i g i n a t o r  and NASA Fie ld  Center  personnel and the  t r a n s f e r  of informa- 
t i o n  between NASA and the  medical f i e l d  becomes more d i r e c t .  The more d i r e c t  
t h e  t r a n s f e r ,  t h e  more r e l evan t ,  accu ra t e ,  and complete i s  t h i s  t r a n s f e r .  Thus, 
t h e  BATeam a t t empt s  t o  c r e a t e  t hese  d i r e c t  interchanges whenever app ropr i a t e  and 
f e a s i b l e .  

Ass is tance  t o  the  problem o r i g i n a t o r  i n  implementing so lu t ions  t o  problems 
i s  an  important p a r t  of t he  BATeam program. This a s s i s t a n c e  may t ake  any one of 
a  number of d i f f e r e n t  forms. D i rec t  a s s i s t a n c e  t o  t h e  problem o r i g i n a t o r  i n  h i s  
e f f o r t s  t o  implement a  s o l u t i o n  i s  f r equen t ly  involved. During t h i s  r epo r t ing  
period NASA's Technology U t i l i z a t i o n  Div is ion  has e s t ab l i shed  a  reengineer ing  o r  
adapt ive  engineering program i n  the  School of Engineering of the  Universi ty  of 
Vi rg in ia  which is now a s s i s t i n g  i n  t h i s  program by adapt ing  NASA technology t o  t he  
needs of a  l imi ted  number of problem o r i g i n a t o r s .  This  adapt ive  engineering 
program i s  d i r e c t e d  by D r .  M.L. McCartney of t he  Div is ion  of Biomedical Engineering. 
The BATeams a r e  respons i b l e  f o r  i d e n t i f y i n g  the  NASA technology which is p o t e n t i a l l y  
a  s o l u t i o n  t o  a  s p e c i f i c  problem and f o r  spec i fy ing  the  changes required i n  t h i s  
technology. This  a l lows the  teams t o  demonstrate t h a t  t he  technology is i n  f a c t  
a  s o l u t i o n  t o  t he  problem and al lows the  problem o r i g i n a t o r  t o  make use of t he  NASA 
technology i n  h i s  work. 

The succes s fu l  t r a n s f e r  of information on aerospace technology t o  a n  ind iv idua l  
o r  group i n  t he  medical f i e l d  followed by succes s fu l  implementation of t he  tech-  
nology with r e s u l t i n g  b e n e f i t s  t o  t he  accomplishment of some medical ob jec t ive  i s  
c a l l e d  a  "technology t r a n s f e r . "  Also included i n  t h e  d e f i n i t i o n  of technology 
t r a n s f e r  is  the  c o n s t r a i n t  t h a t  the medical a p p l i c a t i o n  and ob jec t ive  involved i n  
the  t r a n s f e r  be d i f f e r e n t  from the  aerospace a p p l i c a t i o n  and ob jec t ive  f o r  which 
the  technology w a s  o r i g i n a l l y  developed. Thus, t he  accomplishment of technology 
t r a n s f e r s  i s  indeed a  d i f f i c u l t  and long term objec t ive .  This ob jec t ive  should be 
d is t inguished  from t h a t  ob jec t ive  involved i n  a  program t o  enhance the  d i f f u s i o n  o r  
broad u t i l i z a t i o n  of demonstrated app l i ca t ions  of technology. Technology t r a n s f e r  
involves c ros s ing  what may be thought of a s  an  "appl ica t ion  o r  ob jec t ive  b a r r i e r "  
and it involves complete eva lua t ion  of the  new a p p l i c a t i o n ;  d i f f u s i o n  involves 
n e i t h e r  of t hese  requirements.  

A s p e c i f i c  methodology i s  appl ied by the  Biomedical Appl ica t ion  Team i n  i t s  
e f f o r t s  t o  a f f e c t  technology t r a n s f e r s .  This methodology i s  discussed i n  t h e  
f ollott~ing s e c t i o n .  

1.3 Methodology 

The methodology used by the  BATeam c o n s i s t s  of four  bas i c  s t eps :  problem 
d e f i n i t i o n ,  i d e n t i f i c a t i o n  of r e l e v a n t  technology, eva lua t ion  of re levant  technology, 
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and documentat ion,  T h i s  methodology can  be b e t t e r  unders tood ,  however, i f  it 
i s  s e p a r a t e d  i n t o  t h e  s t e p s  shown Fn F i g u r e  2 ,  These s t e p s  a r e  d e s c r i b e d  i n  t h e  
f o l l o w i n g  p a r a g r a p h s ,  

Problem -- E f f e c t i v e  problem s c r e e n i n g  i s  a t  Leas t  a s  impor tan t  t o  
t h e  s u c c e s s  of  t h e  BATeam program a s  any of t h e  o p e r a t i o n a l  s t e p s  i d e n t i f i e d  i n  
F i g u r e  2.  A n a l y s i s  of t h e  RTI team" aaccop l i shments  over  a  p e r i o d  of  t h r e e  and one- 
h a l f  y e a r s  i n d i c a t e s  c l e a r l y  t h a t  a  ve ry  s i g n i f i c a n t  f r a c t i o n  of t h e  problems which 
have been i n v e s t i g a t e d  u n s u c c e s s f u l l y  could  have been r e j e c t e d  v e r y  e a r l y  i n  
d i s c u s s i o n s  w i t h  t h e  problem o r i g i n a t o r s .  Problem s e l e c t i o n  c r i t e r i a  have been 
developed w i t h  t h e  o b j e c t i v e  b e i n g  t o  i n c r e a s e  t h e  a v e r a g e  p r o b a b i l i t y  t h a t  a  t e c h -  
nology t r a n s f e r  c a n  be accomplished f o r  problems a c c e p t e d  by t h e  teams. A t  
p r e s e n t  t h e  f o l l o w i n g  c r i t e r i a  a r e  be ing  a p p l i e d  : 

S o l v i n g  t h e  problem would enhance medica l  d i a g n o s i s ,  t r e a t m e n t ,  o r  p a t i e n t  
c a r e  t o  the  e x t e n t  t h a t  implementa t ion and a d o p t i o n  would be r a p i d .  

The problem h a s  been encoun te red  i n  a n  ongoing r e s e a r c h  program and is  
impeding p r o g r e s s  of  t h a t  program, 

Some unique c h a r a c t e r i s t i c s  of t h e  problem o r  problem o r i g i n a t o r  i n d i c a t e s  
t h a t  i n v e s t i g a t i n g  t h e  problem w i l l  enhance t h e  o v e r a l l  BATeam program. 

AND - 
S o l v i n g  t h e  problem is  g i v e n  h i g h  p r i o r i t y  by t h e  problem o r i g i n a t o r .  

AND 
The problem i s  one of a t  most  two be ing  i n v e s t i g a t e d  w i t h  a n  i n d i v i d u a l  
problem o r i g i n a t o r .  (This i s  v i o l a t e d  o n l y  i n  t h e  c a s e  o f  m i s s i o n - o r i e n t e d  
group e f f o r t s . )  

Problems which do n o t  s a t i s f y  t h e s e  c r i t e r i a  a r e  r e j e c t e d ,  Problems may a l s o  
be r e j e c t e d  fo l lowing  p a r t i a l  comple t ion  of the n e x t  s t e p ,  problem d e f i n i t i o n .  

Problem D e f i n i t i o n  -- The o b j e c t i v e  of t h i s  s t e p  i s  t o  d e f i n e  p r e c i s e l y  and 
a c c u r a t e l y  t h e  c h a r a c t e r i s t i c s  of t h e  technology r e q u i r e d  t o  s o l v e  a  problem. I t  
is  impor tan t  t h a t  a l l  n e c e s s a r y  c o n s t r a i n t s  a r e  inc luded  and e q u a l l y  impor tan t  t h a t  
no unnecessa ry  c o n s t r a i n t s  a r e  inc luded  Ln c h a r a c t e r i z i n g  t h e  r e q u i r e d  technology.  
I n  many c a s e s ,  f o l l o w i n g  t h e  c h a r a c t e r i z a t i o n  of r e q u i r e d  t echno logy ,  it i s  found 
t h a t  the  problem should  be r e j e c t e d  o r  closed f o r  av17 of a  number of r e a s o n s .  
These r e a s o n s  i n c l u d e ,  a s  examples,  the  fo l lowing :  ' * )  t h e  problem c a n  
be so lved  u s i n g  commercial ly a v a i l a b l e  equipment, ; _ )  t h e  problem cannot  be 
so lved  and a n  e n t i r e l y  d i f f e r e n t  approach i s  indicated, (3) t h e  r e a l  problem i s  
medica l  and n o t  t e c h n i c a l  i n  n a t u r e ,  and (4) t h e  requ i rements  canno t  be 
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s p e c i f i e d  because insuf f i c i e n t  i n £  ormat ion e x i s t s  on the  ob jec t ive  involved. 

The end r e s u l t  of problem d e f i n i t i o n  i s  the p repa ra t ion  of a  problem 
s ta tement .  This  s ta tement ,  t o  be complete,  must con ta in :  (1) a  complete 
c h a r a c t e r i z a t i o n  of what i s  requi red  t o  so lve  the  problem, and (2)  t he  
r e l a t e d  medical problem o r  ob jec t ive  and t h e  b e n e f i t s  t o  be r e a l i z e d  by 
so lv ing  t h e  problem. 

I d e n t i f i c a t i o n  of r e l evan t  -- Aerospace technology 
which may be r e l e v a n t  t o  t he  s o l u t i o n  of a  problem i s  i d e n t i f i e d  by t h r e e  
approaches. F i r s t ,  a  manual o r  computer search  i s  made of t h e  aerospace 
information bank. These searches a r e  made a t  one of NASA's s i x  Regional 
Dissemination Centers  (RDC). The RDC used by the  RTI BATeam is  t h e  North 
Carol ina Science and Technology Research Center (NCSTRC) loca ted  i n  
Research Tr iangle  Park,  North Caro l ina .  The information which can be assessed 
through the  RDC'S bank c o n s i s t s  of t he  approximately 700,000 documents, 
a r t i c l e s ,  and t r a n s l a t i o n s  which have been abs t r ac t ed  i n  t he  Science and 
Technology Abst rac t  Reports (STAR) and the  I n t e r n a t i o n a l  Aerospace Abs t r ac t s  
(IAA). Second, problem statements  a r e  c i r c u l a t e d  t o  engineers  and s c i e n t i s t s  
a t  NASA F ie ld  Centers  who may be a b l e  t o  i d e n t i f y  r e l evan t  technology and 
suggest  poss ib l e  s o l u t i o n s  t o  problems. These s ta tements  a r e  c i r c u l a t e d  
i n  a  h ighly  s e l e c t i v e  manner with t h e  d i s t r i b u t i o n  being determined by the  
BATeam, Technology U t i l i z a t i o n  Of f i ce r s  (TUO) a t  t he  NASA F i e l d  Centers ,  
and o the r  i nd iv idua l s  a t  t he  F i e ld  Centers .  Third,  t he  team i n  some 
cases  con tac t s  i nd iv idua l s  a t  t he  F i e ld  Centers  d i r e c t l y  without  c i r c u l a t i n g  
problem statements .  This i s  done when a  team member can i d e n t i r y  a  r e l a t i v e l y  
few ind iv idua l s  a t  t h e  F i e ld  Centers  who should have a  good overview of a l l  
work being done which i s  r e l a t e d  t o  the  requirements of a  s p e c i f i c  problem. 

F i r s t  eva lua t ion  -- A l l  p o t e n t i a l l y  r e l e v a n t  technology i d e n t i f i e d  
i n  the  preceding s t e p  i s  evaluated by the  BATeam t o  determine i f  a  p o t e n t i a l  
s o l u t i o n  t o  a  s p e c i f i c  problem has been found. Those items of technology 
which r ep resen t  p o t e n t i a l  s o l u t i o n s  t o  problems a r e  presented t o  problem 
o r i g i n a t o r s  a long  wi th  a v a i l a b l e  suppor t ing  d a t a  and information.  Any 
required reengineer ing  and d e t a i l s  of implementing the  p o t e n t i a l  so lu t ions  
a r e  discussed wi th  t h e  problem o r i g i n a t o r .  

Second eva lua t ion  -- The problem o r i g i n a t o r  must then  eva lua t e  
p o t e n t i a l  so lu t ions .  H i s  dec is ion  t o  implement a  proposed s o l u t i o n  w i l l  
depend upon a  number of f a c t o r s :  (1) h i s  assessment of t h e  v a l i d i t y  of 
t h e  proposed p o t e n t i a l  s o l u t i o n ,  (2) t h e  c o s t  of implementing the  p o t e n t i a l  
s o l u t i o n ,  (3 )  t h e  p o t e n t i a l  b e n e f i t s  t o  be gained, e t c .  The team may be 
asked t o  supply a d d i t i o n a l  information and t e c h n i c a l  d e t a i l s  i n  t h i s  evalua- 
t ion. 

f  ina 1 eva lua t ion, 9 -  
-- The f i n a l  s t e p  i n  t he  

t r a n s f e r  process is t h e  implementation and experimental eva lua t ion  of 
p o t e n t i a l  so lu t ions .  The team i s  a v a i l a b l e  f o r  a s s i s t a n c e  i n  t h i s  s t e p  when 
requi red .  Hopefu$ly, when a p o t e n t i a l  s o l u t i o n  hs shown t o  be a  v a l i d  



s o l u t i o n  t o  a problem, Lh l s  P O ~ I I ~ ! T P ~  is adopted by tile problem o r i g i n a t o r  
and the  t r a n s f e r  i s  complete,  

Documentation -- Documentation "I a n  i n t e g r a l  p a r t  of t h e  UTearn 
methodology; it i s  involved a t  mos t  s ee r s  i n  t h e  process ,  a s  ind ica ted  i n  
Figure 2 ,  Documentarion al lows a n a l y s j s  s f  t he  t r a n s f e r  process and a s ses s -  
ment of the  program i n  gene ra l ,  A t  preseav,  t he  teams repor t  on a weekly, 
monthly, alrrd semiannual schedule,  Efzec t ive  eoilm'~unication i s  required 
between BATeams and p o t e n t i a l  problem o r i g i n a t o r s  and o ther  ind iv idua ls  who 
a r e  i n  a p o s i t i o n  t o  make use of i n f o r m t i o n  r e s u l t i n g  from Eransfers  accom- 
pl ished by the  BATeams, 

I. ,4 Biomed icaL A p p l i c a t i o n  Team Carnpns i t ion and P a r t  i e  i p a t  ing Medical 
In s  k i t u t  ions 

The RTI  MTeam i s  a m u l t i d i s c i p l i n a r y  group of engineers  and s c i e n t i s t s ,  
The educa t iona l  backgrounds of the group are  i n  physics  and e l e c t r i c a l  engineer- 
ing; t h e i r  experience includes indus t r ~ a  2, educa t iona l ,  and research  a t  both 
bas ic  and appl ied  l e v e l s ,  The i n d i v i d u a l s  who p re sen t ly  make up the  RTL 
team a r e :  

Name Background Duty 

D r .  J .  N.  Brown, Jr. E l e c t r i c a l  Engineer Team D i r e c t o r  
D r .  F. T. Wooten E l e c t r i c a l  Engineer P r o j e c t  Leader 
M r .  E .  Harr ison Mater ia l s  S c i e n t i s t  So lu t ion  S p e c i a l i s t  
D r .  G. S .  Hayne P h y s i c i s t  Solu t ion  S p e c i a l i s t  
M r .  B. W. Crissman Geophysicist  Documentat ion  

The experience and s p e c i a l  c a p a b i l i t i e s  of o the r  ind iv idua ls  a t  RTI and pa r t i cu -  
l a r l y  t he  Engineering and Environmental Sciences Div is ion  a r e  f r equen t ly  used 
i n  t he  BATeam program on a n  as-needed b a s i s .  

A t  p resent ,  n ine  medical i n s t i t u t i o n s  a r e  p a r t i c i p a t i n g  i n  the  RTI BATeam 
program. These i n s t i t u t i o n s  a r e  a s  follows: 

Duke Univers i ty  Medical Center ,  Durham, North Caro l ina ;  
( Including Veterans"dministration Hosp i t a l ,  Durham, North Caro l ina) ;  

Bowman Gray School of Medicine of the  Wake Fores t  Universi ty ,  Winston- 
Salem, North Caro l ina ;  

Univers i ty  of North Carol ina Medical School,  Chapel H i l l ,  North Carol ina;  

Univers i ty  of North Carol ina Dental School,  Chapel H i l l ,  North Caro l ina ;  

I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine, New York Universi ty ,  New York, 
New York; 

North Caro l ina  S t a t e  Univers i ty ,  Raleigh,  North Carol ina;  
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Tulane Univers i ty  Medical School, New Orleans,  Louis iana;  

Nat ional  Cancer I n s t i t u t e  of t he  Nat iona l  I n s t i t u t e s  of 
Heal th ,  Bethesda, Maryland; 

Brookdale Hosp i t a l  Center ,  Mult iphasic  Heal th  Screening 
C l i n i c ,  Brooklyn, New York. 

The RTI team i s  a s s i s t e d  a t  var ious  s t a g e s  of t h e  t r a n s f e r  process  
by consu l t an t s  who a r e  on the  medical s t a f f  a t  p a r t i c i p a t i n g  i n s t i t u t i o n s .  
These consu l t an t s  o r  communicators coord ina te  BATeam a c t i v i t i e s  a t  t h e i r  
i n s t i t u t i o n s a n d  a s s i s t  team members p r imar i l y  i n  problem d e f i n i t i o n  and 
eva lua t ion  of p o t e n t i a l  s o l u t i o n s .  A t  p r e sen t ,  t h e  fol lowing ind iv idua l s  
a r e  consu l t an t s  t o  t he  RTI team: 

Name S p e c i a l t y  

D r .  E. A. Johnson Cardiac Physiology 
Duke Un ive r s i t y  Medical Center 

D r .  George S. Malindzak Physiology 
Bowman Gray School of  Medicine of 

t he  Wake F o r e s t  Univers i ty  

P ro fe s so r  Hal C .  Becker Radiology 
Tulane Un ive r s i t y  Medical School 

M r .  William Z .  Penland 
Nat ional  Cancer I n s t i t u t e  

Engineer ing 

M r .  Myron Youdin Engineer ing 
I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine 
New York Un ive r s i t y  

I n  a d d i t i o n  t o  t h e  above, D r .  T .  C .  P i l k ing ton  and D r .  I?. L. Thurstone, 
Biomedical Engineering Div i s ion ,  Duke Univers i ty ,  a r e  a s s i s t i n g  t h e  RTI 
team i n  i n v e s t i g a t i n g  t h e  p o t e n t i a l  f o r  t r a n s f e r r i n g  NASA d i g i t a l  computer 
a p p l i c a t i o n s  programs t o  a p p l i c a t i o n s  i n  mbdicine. 

I n  add it ion,  i nd iv idua l s  a t  t he  fol lowing i n s t i t u t i o n s  have p a r t i c i p a t e d  
on c e r t a i n  s p e c i a l  problems : 

Medical Col lege of V i rg in i a ,  Richmond, V i rg in i a ;  
Nat ional  I n s t i t u t e  of Mental Heal th ,  Washington, D. C.; 
Univers i ty  of Mis s i s s ipp i  Medical School,  Jackson, Mis s i s s ipp i ;  
Nat ional  Communicable Disease Center ,  A t l a n t a ,  Georgia; 
Louisiana S t a t e  Univers i ty  School of Medicine, New Orleans,  Louis iana.  

Problems a t  each i n s t i t u t i o n  a r e  coded by a  l e t t e r  and number symbol 
(e,g, DU-49), and t h e  coding f o r  each i n s t i t u t i o n  i s  a s  follows: 



DU - @uke Univers i ty  School of Medicine 
NCSU - North Caro l ina  S t a t e  UnLversity 
UNC - Univers i ty  of North Carol ina Medical School 
UMCD - Unive r s i t y  of North Caro l ina  Dental  School 
WF - Boman Gray School of Medicine a t  Wake ForesE Univers i ty  
IRM -. I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine a t  New York Univers i ty  
TU - Tulane Univers i ty  School of  Medicine 
N C I  - Nat iona l  Cancer I n s t i t u t e  
BH - Brookdale Hosp i t a l  Center 
MCV - Medical Col lege of V i rg in i a  
LSU - Louisiana S t a t e  Univers i ty  School of  Medicine 
NIMll  - National  I n s t i t u t e  of Mental Hea l th  
CP - Computer sof tware  type problem 
MISC - Miscellaneous 

1.5 D e f i n i t i o n  of Terns 

I n  t h e  Biomedical Appl ica t ion  Team program, a  number of terms have 
evolved which d e s c r i b e  t h e  elements and processes  i n  t h i s  program. Because 
of t h e i r  number and u n f a m i l i a r i t y  t o  t h e  ma jo r i t y  of r eade r s ,  t he se  terms 
a r e  l i s t e d  and def ined  i n  t h i s  s e c t i o n  f o r  easy and quick r e f e r ence .  

Problem -- An ind iv idua l  a c t i v e l y  involved i n  an  e f f o r t  t o  
reach a  s p e c i f i c  o b j e c t i v e  i n  biology o r  medicine and faced wi th  a  s p e c i f i c  
t echnologica l  problem which is  impeding progress  toward t h a t  ob j ec t i ve .  

i n s t i t u t i o n  -- A medical ly  o r i en t ed  educa t iona l  i n s t i t u t i o n ,  
h o s p i t a l ,  medical c e n t e r ,  o r  government agency, having a s  one of i t s  organiza-  
t i o n a l  ob j ec t i ve s  t h e  improvement of medical h e a l t h  c a r e  f o r  t h e  genera l  pub l i c  
o r  a  p a r t i c u l a r  s e c t o r  of t he  gene ra l  publ ic  and having agreed t o  p a r t i c i p a t e  
a c t i v e l y  i n  the  Biomedical Appl ica t ion  Team program. 

Consul tant  -- A member of t h e  biomedical s t a f f  a t  a  p a r t i c i p a t i n g  use r  
i n s t i  i t t e d  a  f r a c t i o n  of h i s  time and e f f o r t  t o  a s s i s t  
t h e  Biomedical App l i ca t i on  Team i n  i d e n t i f y i n g  and coo rd ina t ing  v i s i t s  wi th  
app rop r i a t e  problem o r i g i n a t o r s  a t  h i s  i n s t i t u t i o n ,  i n  understanding and 
spec i fy ing  problems i n  biology and medicine,  and i n  eva lua t ing  technologica l  
s o l u t i o n s  t o  problems, 

-- A m u l t i d i s c i p l i n a r y  group 
of engineers  and s c i e n t i s t s  engaged i n  problem so lv ing  a c t i v i t i e s  i n  biology 
and medicine w i th  t h e  spec i f  i c -ob  j e c t i v e s  of e f f e c t i n g  t h e  t r a n s f e r  of aerospace 
technology t o  so lve  o r  a i d  i n  so lv ing  problems i n  medicine,  and of understanding 
and opt imizing t h e  methodology f o r  e f f e c t i n g  such t r a n s f e r s  of technology. 
The methodology used by the  BATeam involves  (1) problem s e l e c t i o n ,  d e f i n i t i o n ,  
and s p e c i f i c a t i o n ;  (2) i d e n t i f i c a t i o n  of p o t e n t i a l  s o l u t i o n s  t o  problems by 
manual and c m p u t e r  information search ing ,  c i r c u l a t i o n  s f  problem statements  
t o  NASA F i e ld  Centers ,  and con tac t s  wi th  NASA engineers  and s c i e n t i s t s ;  
( 3 )  eva lua t ion  s f  p o t e n t i a l  s o l u t i o n s ;  (4) implementation and adopt ion,  



by problem o r i g i n a t o r s ,  of a e r o s p a c e  technology as s o l u t i o n s  o r  p a r t i a l  
s o l u t i o n s  t o  medica l  problems; and (5) documentat ion,  

Problem -- A s p e c i f i c  and d e f i n a b l e  t e c h n o l o g i c a l  requirement  t h a t  
cannot  be s a t i s f i e d  w i t h  commercially a v a i l a b l e  equipment o r  through 
t h e  a p p l i c a t i o n  of in fo rmat ion  o r  knowledge a v a i l a b l e  t o  t h e  problem 
o r i g i n a t o r  through r o u t i n e l y  used i n f o r m a t i o n  c h a n n e l s ,  Problems f o r  
i n v e s t i g a t i o n  a r e  accep ted  by t h e  team s u b j e c t  t o  t h e  problem s c r e e n i n g  
c r i t e r i a  which a r e  d i s c u s s e d  i n  S e c t i o n  1 .3 .  Within  t h e  c o n t e x t  of t h e  
Biomedical  A p p l i c a t i o n  Team program, i t  i s  e x p l i c i t l y  assumed t h a t  problems 
i n v e s t i g a t e d  by t h e  team a r e  problems which a r e  impeding p r o g r e s s  toward 
r e a c h i n g  a n  o b j e c t i v e  which invo lves  improving medical  and h e a l t h  c a r e  s e r v i c e s  
f o r  one o r  more s e c t o r s  of t h e  g e n e r a l  p u b l i c .  

t r a n s f e r  -- The implementat ion and a d a p t i o n  of a n  i t em of 
a e r o s p a c e  technology by a  problem o r i g i n a t o r  t o  s o l v e  o r  a i d  i n  s o l v i n g  a  
problem i n  b io logy  o r  medicine .  The medica l  a p p l i c a t i o n  involved i s  one 
which i s  d i f f e r e n t  from t h a t  a p p l i c a t i o n  f o r  which t h e  ae rospace  technology 
was o r i g i n a l l y  developed.  

Problem s t a t e m e n t  -- A c o n c i s e  w r i t t e n  s t a t e m e n t  o f  a  problem which i s  
used f o r  communicating (1 )  t o  t h e  i n f o r m a t i o n  s e a r c h  s p e c i a l i s t s  s u f f i c i e n t  
d e t a i l s  t o  a l l o w  a  computer s e a r c h  t o  be performed and (2 )  t o  NASA e n g i n e e r s  
and s c i e n t i s t s  s u f f i c i e n t  i n f o r m a t i o n  t o  m o t i v a t e  them t o  c o n s i d e r  p o s s i b l e  
s o l u t i o n s  t o  t h e  problem and a l l o w  them t o  de te rmine  i f  and i n  what way t h e y  
can  a s s i s t  i n  s o l v i n g  t h e  problem. 

in format ion  s e a r c h  -- A computerized i n f o r m a t i o n  s e a r c h  of 
t h e  ae rospace  i n f o m a t i o n  bank e s t a b l i s h e d  by NASA and made a v a i l a b l e  through 
s i x  Regional  Dissemina t ion  C e n t e r s  i n  t h e  Uni ted S t a t e s .  Th i s  i n f o r m a t i o n  
bank c o n s i s t s  of t h e  approx imate ly  700,000 documents which have been indexed 
and a b s t r a c t e d  i n  t h e  Sc ience  and T e c h n i c a l  Abskract  Repor t s  (STAR) and 
I n t e r n a t i o n a l  Aerospace A b s t r a c t s  (ylA), A p p l i c a t f o n s  e n g i n e e r s  a t  t h e s e  
c e n t e r s  d e s i g n  s e a r c h  s t r a t e g i e s  u s i n g  in format ion  i n  problem s t a t e m e n t s .  
These s e a r c h  s t r a t e g i e s  a l l o w  one t o  i d e n t i f y  those  documents i n  t h e  i n f o r m a t i o n  
bank which a r e  r e l e v a n t  t o  t h e  s o l u t i o n  of a s p e c i f i c  problem. 

-- The t r a n s f e r  of i n f o r m a t i o n  t o  a  problem o r i g i n a t o r  wi th  t h e  
r e s u l t  t h a t  he  changes what he i s  d o i n g  i n  a  way t h a t  enhances h i s  p r o g r e s s  
toward a  medica l  o b j e c t i v e ,  An impact i s  t h u s  analogous t o  a  technology 
t r a n s f e r  e x c e p t  t h a t  one o r  more of t h e  requ i rements  f o r  a technology t r a n s f e r  
i s  n o t  s a s i s f  i ed  . 
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2 .  E I n t r o d u c t i o n  and S u m a r y  

- u u r i n g  t h e  p e r i o d  from September 1969 t o  March 1990, t h e  R T I  Biomedical 
A p p l i c a t i o n  Team documented and r e p o r t e d  t o  NASA e l e v e n  technology t r a n s f e r s  and 
e i g h t  impac t s ,  Of e i g h t  p o t e n t i a l  technology t r a n s f e r s ,  two were  a c t i v e  as of 
March 14 ,  1470,  These r e s u l t s  a r e  s u m a r i z e d  i n  Tab le  1 on page 1 2 ,  

A s  d e f i n e d  i n  S e c t i o n  1 . 5 ,  a  technology t r a n s f e r  i s  " t h e  implementa t ion and 
a d a p t i o n  of a n  i t em of  a e r o s p a c e  technology by a  problem o r i g i n a t o r  t o  s o l v e  o r  a i d  
i n  s o l v i n g  a  problem i n  b io logy  o r  medic ine ,  The medica l  a p p l i c a t i o n  involved i s  one 
which i s  d i f f e r e n t  from t h a t  a p p l i c a t i o n  f o r  which t h e  a e r o s p a c e  technology was 
o r i g i n a l l y  developed." Also ,  i n  t h e  I n t r o d u c t i o n ,  ran impact is d e f i n e d  a s  " the  
t r a n s f e r  of in fo rmat ion  t o  a  problem o r i g i n a t o r  w i t h  t h e  r e s u l t  t h a t  he changes 
what he  is  do ing  i n  a  way t h a t  enhances h i s  p r o g r e s s  toward a  m e d i c a l  o b j e c t i v e .  An 
impact i s  t h u s  analogous  t o  a  technology t r a n s f e r  e x c e p t  t h a t  one o r  more o f  t h e  
requ i rements  f o r  a  t echno logy  t r a n s f e r  i s  n o t  s a t i s f i e d . "  

The d e f i n i t i o n  of a  t echno logy  t r a n s f e r  s e t  f o r t h  i n  t h i s  r e p o r t  i s  n o t  new; 
it h a s  been proposed and d i s c u s s e d  f r e q u e n t l y ,  b u t  r a r e l y  a p p l i e d  r i g o r o u s l y .  I n  
December 1970, t h e  RTI team d e f i n e d  and s t a r t e d  r e p o r t i n g  impacts  f o r  a  s p e c i f i c  
r e a s o n ,  The r e a d e r  shou ld  keep i n  mind t h a t  a l t h o u g h  t h e  t r a n s f e r  a s  d e f i n e d  h e r e  
c a n  be  c o n c e p t u a l i z e d  e a s i l y  i t  h a s  been r e a l i z e d  on ly  r a r e l y  indeed .  Thus, t h e  
impact was in t roduced  t o  a l l o w  more of t h e  p o s i t i v e  o u t p u t s  of  t h e  BATeam t o  be 
documented and r e p o r t e d ,  and a t  t h e  same t ime a l l o w  t h e  term t r a n s f e r  t o  be a p p l i e d  
r i g o r o u s l y  a c c o r d i n g  t o  t h e  d e f i n i t i o n  g i v e n  above.  

I n t r o d u c t i o n  of t h e  impact a l lows  one t o  more c l e a r l y  s t a t e  t h e  o b j e c t i v e  of 
t h e  BATeam program. That  o b j e c t i v e  is  t h e  accomplishment o f  t r a n s f e r s  and g 

. The impact,  a l t h o u g h  of v a l u e ,  l i e s  somewhere between a b j e c t  f a i l u r e  and 
s o a r i n g  s u c c e s s .  

It i s  s t r e s s e d  t h a t  most  of t h e  technology t r a n s f e r s  r e p o r t e d  h e r e  were docu- 
mented b e f o r e  impacts were in t roduced  and some of t h e  c a s e s  would,  a s  of t h e  end 
of t h e  r e p o r t i n g  p e r i o d ,  be c l a s s i f i e d  a s  impacts r a t h e r  t h a n  t r a n s f e r s .  Such 
c a s e s  a r e  r e p o r t e d  h e r e  i n  o r d e r  t o  avo id  c o n f u s i o n  a s  they  have been r e p o r t e d  i n  
monthly r e p o r t s  t o  NASA, These w i l l ,  ho\=~ever,  be c l a r i f i e d  i n  t h e  fo l lowing  s e c t i o n ,  

2 . 2  D i s c u s s i o n  and A n a l y s i s  of T r a n s f e r s  

I n  t h i s  s e c t i o n  t h e  t r a n s f e r s  accomplished d u r i n g  t h e  r e p o r t i n g  pe r iod  
a r e  c h a r a c t e r i z e d ,  The s p e c i f i c  a s p e c t s  which a r e  d i s c u s s e d  a r e  q u a l i t a t i v e ,  
impact  a r e a s ,  source  of technology t r a n s f e r r e d ,  method of i d e n t i f y i n g  t h e  r e l e v a n t  
t echno logy ,  and t ime r e q u i r e d  t o  i n v e s t i g a t e  t h e  problem, 

I n  n i n e  of t h e  e l e v e n  c a s e s  r e p o r t e d ,  t h e  r e l e v a n t  technology h a s  been o r  i s  
b e i n g  implemented, The two e x c e p t i o n s ,  WF-31 and FTF-33, shou ld  have been r e p o r t e d  a s  
impacts  and w i l l  not be d i s c u s s e d  f u r t h e r  as t r a n s f e r s ,  The r e e n g i n e e r i n g  and imple- 
m e n t a t i o n  r e q u i r e d  i n  the remain ing  n i n e  e a s e s  is  b e i n g  a c c m p l i s h e d  by t h e  problem 
o r i g i n a t o r s .  

I. 1 



DU-45 

DU-4 6 

IRM- 3  

IRM- 7 

IRM- 8 

IRM- 20 

NCSU- 6 

WF-31 

WF-69 

vu- 1 

WF-68 

WF- 70 

IRM- 1 

IRM-4 

Table 1, Trans fe r s  and Impacts Accomplished 
During t h e  Per iod  from September 1969 
t o  March i970 and P o t e n t i a l  Transfers  
Documented and Active a s  of March 14, 
1970. 

T rans fe r s  

Low Veloci ty Anemometry 

Elec t rode  Mate r i a l  f o r  Pacemakers 

An improved S p i r a l  Brace 

A Mater ia l  f o r  Use i n  D i rec t  Contact wi th  t h e  
Blood Which Exh ib i t s  Reduced C l o t t i n g  
C h a r a c t e r i s t i c s  

Low Temperature Lubricant  f o r  Microtomes 

Prevent ion of O r t h o s t a t i c  Hypotension 

Analysis  Techniques f o r  EEG Data 

A Servo-Controlled System t o  Measure t h e  
P a r t i a l  Pressure  of Oxygen and Carbon 
Dioxide i n  Expired Gases and t o  Control  
the  Operation of Resp i r a to r s  

Applicat ion of Biotelemetry Units t o  
In t ens ive  Care Areas 

Cor re l a t ion  Techniques 

improved Mater ia l  f o r  Percutaneous Tubes 
f o r  Blood Dia lys i s  

Elec t rodes  f o r  Exerc ise  EKG 

Underwater Telemetry 

Determination of Brace Socket Pressure  

An Improved Mate r i a l  f o r  Construct ion of 
Self-Adjust ing Braces 

Methods of Measuring Calcium 



IRM- 15 

I N -  2 1 

I N -  2 6 

Table 1, (Continued) 

(Continued ) 

Effec t  of Enviromental Extremes 
on Ske le ta l  Calcium 

AH Improved Spl int ing  and Cost 
Material. 

A Meq,ns of Preset t ing  Prosthetic  Hands 
t o  Grip Objects with a Desired Force 

Potent ia l  Transfers 

A Fluid Pressure Calibration System 

A Respiration Alarm 



Two t r a n s f e r s  involve novel app l i ca t ions  of a  new biocompatible m a t e r i a l ,  
v i t r eous  carbon, developed f o r  NASA by North American Rockwell. I n  both 
c a s e s ,  M r .  J i m  Benson of Siocarbon (Tarzana, C a l i f o r n i a )  suppl ied the  problem 
o r i g i n a t o r s  with s p e c i a l  con£ i g u r a t  ions of t h e  mater i a  1 which allowed them 
t o  implement the s o l u t i o n s  i d e n t i f i e d  by the  BATeam. One t r a n s f e r ,  V U - 1 ,  
involves use of t he  m a t e r i a l  a s  cannula implanted i n  p a t i e n t s  r equ i r ing  
d i a l y s i s .  The o the r ,  IRM-7, involves the  development of an  implantable 
blood flow meter. 

Two t r a n s f e r s ,  WF-69 and NCSU-6, involve t h e  a p p l i c a t i o n  of s i g n a l  
a n a l y s i s  techniques r e s u l t i n g  from aerospace R and D programs. The s p e c i f i c  
a p p l i c a t i o n s  a r e  i n  bas ic  research  programs i n  t he  card iovascular  and 
neurophysiological  a r eas  r e spec t ive ly .  The r e l e v a n t  information i n  t r a n s f e r  
WF-69 was i d e n t i f i e d  dur ing  d iscuss ions  a t  Marshal l  Space F l i g h t  Center (MSFC) 
between the  problem o r i g i n a t o r ,  D r .  F r i t z  Krause and M r .  Andrew E l l n e r  of 
MSFC, These ind iv idua ls  a t  MSFC were i d e n t i f i e d  by M r .  James T. Richards 
of NASA's Technology U t i l i z a t i o n  Divis ion.  Transfer  IRM-8 has r e s u l t e d  i n  
the  problem o r i g i n a t o r  adopt ing  a  so l id - f i lm  l u b r i c a n t  developed f o r  aero-  
space app l i ca t ions  and now commercially a v a i l a b l e  a s  t h e  app ropr i a t e  l ub r i can t  

0 
f o r  microtomes opera t ing  a t  temperatures t o  -80 C.  

A bas ic  i n v e s t i g a t i o n  i n t o  b io log ica l  mechanisms of temperature c o n t r o l  
has p ro f i t ed  from information obtained from the  aerospace information bank 
and given t o  the  problem o r i g i n a t o r  of DU-45. This  information allowed the  
problem o r i g i n a t o r  t o  choose a  hot  wire anemometer a s  t h e  optimum approach 
t o  an  instrumentat ion problem and t o  design and implement the  instrument .  

Transfer  DU-46 r e s u l t e d  i n  t he  problem o r i g i n a t o r  and a  member of the  
Biomedical Engineering Div is ion  a t  Duke Univers i ty  co l l abo ra t ing  i n  the  
implementation of a  new pacemaker h e a r t  e l ec t rode  using Ni t ino l ,  a  ma te r i a l  
developed f o r  use i n  aerospace antennas and s tud ied  under NASA c o n t r a c t  by 
Goodyear Aerospace Corporat ion.  The "mechanical memory" c h a r a c t e r i s t i c  of t h i s  
m a t e r i a l  may al low the  implantat ion of pacemakers without  major surgery .  
This ma te r i a l  was i d e n t i f i e d  through problem statement  responses from M r .  
William Rlapp of NASA's Lewis Research Center,  M r .  D .  J .  Winslow of NASA's 
Marshall  Space F l i g h t  Center ;  and M r .  J .  G. F i she r  of NASA's J e t  Propulsion 
Laboratory. M r .  W. J. Buehler of t he  Naval Ordnance Laboratory suppl ied 
ma te r i a l  samples f o r  prel iminary t e s t s .  

Transfer  IRM-3 has r e s u l t e d  i n  the  design and implementation of a  new 
s p i r a l  l eg  brace f o r  p a t i e n t s  r equ i r ing  l e g  braces .  The s o l u t i o n  was i d e n t i -  
f i e d  by the  team member i n  t h e  problem d e f i n i t i o n  phase of the BATeam 
methodology. The o r i g i n a l  problem was t o  i d e n t i f y  a new s t ronger  ma te r i a l  
f o r  the  brace; a v a i l a b l e  ma te r i a l s  a r e  s u f f i c i e n t l y  s t rong  f o r  the  redesigned 
brace.  

Transfer  1-Bi-20 through the  use of a  NASA-designed and f ab r t ca t ed  G-suit 
allowed a  p a t i e n t  a t  t he  I n s t i t u t e  of Rehab i l i t a t i on  Medicine t o  t o l e r a t e  a  
v e r t i c a l  pos i t i on  although she could no t  normally do s o  because of the  occurrence 



of o r t h o s t a t i c  hypotension. The s u i t  was made a v a i l a b l e  by M r .  John Samos 
of NASA's Langley Research Center .  Unfortunately,  t rea tment  has been 
terminated because of psychological  problems. 

Of the  n ine  s o l u t i o n s  discussed i n  t he  preceding paragraphs, e igh t  
involved aerospace technology; s i x  involved NASA technology. The n in th  
s o l u t i o n  r e s u l t e d  from the  process of problem d e f i n i t i o n  by the  BATeam. 

The r e l evan t  technologies  involved i n  these  t r a n s f e r s  were i d e n t i f i e d  
by a  number of d i f f e r e n t  mechanisms. Two r e s u l t e d  from computer searches 
a t  NCSTRC; one from a manual search  a t  NCSTRC. One t r a n s f e r  r e s u l t e d  from 
NASA F ie ld  Center  personnel  responding t o  a  c i r c u l a t e d  problem s ta tement ;  
one r e s u l t e d  from a response t o  a  problem statement  appearing i n  an  RTI 
monthly r e p o r t .  Three t r a n s f e r s  r e s u l t e d  from the  team's knowledge of 
aerospace technology and of the ind iv idua l s  t o  con tac t  f o r  a s s i s t a n c e .  

The average time required t o  accomplish t h e  eleven t r a n s f e r s  (not 
inc luding  follow-up time) was 9.36 months. !lho of t h e  t r a n s f e r s  involved 
unusual lengths of t ime, 22 and 23 months. I f  only t h e  o the r  nine t r a n s f e r s  
a r e  considered,  t he  average time involved is cons iderably  reduced t o  6.4 
months. This r ep re sen t s  a  s l i g h t  increase  i n  the  time (5.25 months) 
required t o  accomplish t r a n s f e r s ,  a s  repor ted  i n  a  previous RTI r e p o r t  
[ ~ e f .  11. This minor v a r i a t i o n  may be a t t r i b u t e d  t o  t he  f a c t  t h a t  the  
previous r e p o r t  covered a  l a r g e r  sample of t r a n s f e r s  and no s ign i f i cance  
i s  a t t r i b u t e d  t o  t he  increase .  However, t h e  importance of making a  f a s t  
t r a n s f e r  of technology r equ i r e s  t h a t  c a r e f u l  cons idera t ion  be given t o  
these  s t a t i s t i c s .  
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The importance of an a n a l y s i s  of the problems inves t iga t ed  by the  BATeam 
t o  a n  assessment of t he  e f f e c t i v e n e s s  of the  team i n  applying t r a n s f e r  
methodology i s  second only t o  an  a n a l y s i s  of t he  team's success  i n  achieving 
technology t r a n s f e r s .  In  t h i s  s e c t i o n  the  problems accepted,  r e j e c t e d ,  and 
c losed  dur ing  the r e p o r t i n g  period and the  problems a c t i v e  a t  t he  end of t h i s  
per iod a r e  sumas ized .  These d a t a  a r e  then analyzed p r imar i ly  t o  determine the  
e f f e c t i v e n e s s  of problem screening  by the  team and t o  q u a l i t a t i v e l y  a s s e s s  the  
p o t e n t i a l  impact which could r e s u l t  from so lv ing  a c t i v e  problems. 

3 .1 Problems Accepted, Rejected,  and Closed 

During t h e  r e p o r t i n g  per iod ,  t he  R T I  BATeam accepted 54 problems, 
r e j e c t e d  10  problems, and c losed  59 problems. Problem s ta tements  f o r  a l l  
problems accepted with t h e  except ions of NCI-8, IRM-25, and MISC-3 have 
been prepared and a r e  presented  i n  Appendix D ,  Thus t h e  backlog of  a c t i v e  
problems was reduced by f i v e  problems during t h i s  per iod.  These d a t a  a r e  
present  i n  Table 2 f o r  each p a r t i c i p a t i n g  i n s t i t u t i o n .  I n  t h e  t a b l e  
t h e  change i n  t he  number of a c t i v e  problems, AP, a t  each i n s t i t u t i o n  is  a l s o  
shown. It i s  c l e a r  t h a t  team a c t i v i t i e s  a t  t h r e e  of t hese  use r  i n s t i t u t i o n s  
(Bowman Gray School of Medicine a t  Wake Fores t  Univers i ty ,  t h e  Univers i ty  
of North Carol ina Dental School,  and t h e  I n s t i t u t e  of Rehab i l i t a t i on  
Medicine of  New York Univers i ty)  a r e  decreasing r ap id ly .  The t o t a l  
change i n  t h e  number of a c t i v e  problems a t  t hese  t h r e e  i n s t i t u t i o n s  was a 
decrease of 35 during t h e  r epo r t ing  per iod ,  The decrease a t  t he  Univers i ty  
of North Carol ina is  due t o  the l a c k  of an e f f e c t i v e  i n t e r f a c e ;  t h e r e  
i s  no consul tan t  a t  t h a t  i n s t i t u t i o n .  The I n s t i t u t i o n  of Rehab i l i t a t i on  
Medicine a t  New York Univers i ty  i s  n o t  l a r g e  enough t o  support  t h e  l e v e l  of 
a c t i v i t y  reached approximately one year  ago, The change a t  Wake Fores t  
Univers i ty  r e f l e c t s  two f a c t o r s .  F i r s t ,  the BATeam consu l t an t ,  D r .  
blalindzak, has  contacted a l l  i nd iv idua l s  and groups wi th  which he i s  
f a m i l i a r  a t  t h a t  i n s t i t u t i o n ,  Second, a r e l a t i v e l y  barge number of problems 
have been closed f o r  reasons which should have caused the  problems t o  have 
been r e j ec t ed .  

The g r e a t e s t  i nc rease  i n  t he  n m b e r  of a c t i v e  problems has occurred a t  
t h r e e  i n s t i t u t i o n s  which have become p a r t i c i p a t i n g  i n s t i t u t i o n s  dur ing  the  
last s i x  months, These i n s t i t u t i o n s  are the  Brookdale Hospi tal  Center 
Mult iphasic  Screening Demonstration u n i t ,  t h e  Nat ional  Cancer I n s t i t u t e ,  and 
t h e  TuLane llnriversity Medical School,  



Table 2.  Problems Accepted, Rejected,  2nd 
Closed During Period from September 
1969 t o  March 1970. 

Problems 
Accepted 

Wake Fores t  Univers i ty  11 

Duke Univers i ty  7 

Brookdale Hosp i t a l  6 

Tulane Univers i ty  5 

National  Cancer i n s t i t u t e  6 

North Carol ina S t a t e  
Univers i ty  4 

I n s t i t u t e  of Rehab i l i t a t i on  
Medicine 4 

Univers i ty  of North 
Carol ina 

Medical School 2 
Dental School 0 

Louisiana S t a t e  Univers i ty  1 

Medical College of 
V i rg in i a  1 

National  I n s t i t u t e  of 
Mental Heal th 1 

Miscellaneous 2 

Problems Problems 
Rejected Closed 

1 2 5 

4 4 

0 

0 

0 



While t h e  d a t a  i n  Table 2 a r e  i n t e r e s t i n g  and g ive  an a c c u r a t e  
p i c t u r e  of r e d i r e c t i o n  of team e f f o r t ,  i t  i s  more i n s t r u c t i v e  t o  analyze 
t h e  reasons t h e s e  problems have been c losed ,  This  a n a l y s i s  a l lows one t o  
a s s e s s  t h e  success  of t h e  team i n  problem-screening and i n  accomplishing 
technology t r a n s f e r s .  Table 3 g i v e s  11 ca tegor i e s  of reasons  f o r  c lo s ing  
problems and t h e  percentages of problems c losed  i n  each of t h e  ca t egor i e s  
f o r  both t h e  r epo r t ing  period,  September 1969 t o  March 1970, and t h e  
two-year per iod from June 1967 t o  June 1969, 

Consider t h e  d a t a  app l i cab le  t o  t h e  two-year per iod  f i r s t .  Of t h e  
problems c losed ,  20 percent  w e r e  t h e  r e s u l t  of accomplishing technology 
t r a n s f e r s .  A s  noted i n  a previous r e p o r t ,  [Ref, 11  t h e  ma jo r i t y  of t h e  
problems c losed  nonproductively f e l l  i n t o  ca t egor i e s  B and I. It should 
have been p o s s i b l e  t o  r e j e c t  t hose  i n  category B through increased  a t t e n t i o n  
t o  eva lua t ion  of t h e  problem o r i g i n a t o r ' s  motivation. B e t t e r  understanding 
of t h e  elements of problem d e f i n i t i o n  should have e l imina ted  those  problems 
c losed  i n  category I. 

Consider now t h e  problems c losed  during t h e  per iod  from September 
1969 t o  March 1970. Note t h a t  t h e  percentage of problems c losed  i n  
category B has  been reduced by a f a c t o r  of th ree .  This  is very encouraging 
u n t i l  i t  i s  seen t h a t  t h i s  decrease  i s  more than compensated by t h e  very 
s i g n i f i c a n t  i nc rease  of problem c losu res  i n  category K. Note t h a t  
ca t egor i e s  B and K a r e  not  completely independent and i t  is  c e r t a i n l y  
conceivable  t h a t  team members would have d i f f i c u l t y  d i s t i ngu i sh ing  between 
t h e s e  ca t egor i e s  i n  many cases .  On t h e  p o s i t i v e  s i d e ,  of t h e  1 5  problems 
(30 percent )  c losed  i n  category K, 1 3  were problems from Wake Fores t  
Univers i ty  and the  Univers i ty  of North Caro l ina  Dental School where t h e  
team's a c t i v i t y  i s  being reduced. A 1 1  1 3  of t hese  problems were accepted 
be fo re  September 1969. Thus, t h e  l a r g e  percentage of problems closed i n  
category K does not  i n  i t s e l f  i n d i c a t e  t h a t  problem s e l e c t i o n  c r i t e r i a  have 
not  been appl ied  e f f e c t i v e l y .  However, i f  t h e  problems i n  category K a r e  
completely ignored, then 32 percent  of t h e  remaining problems were closed 
f o r  reasons ( ca t egor i e s  B,  C,  D ,  H, I, and J)  which i n  most of t h e s e  cases  
should have r e s u l t e d  i n  t h e  problems being re jec ted .  Thus, t h e r e  is  
cons iderable  room f o r  improvement i n  t h e  app l i ca t ion  of problem s e l e c t i o n  
c r i t e r i a  a t  t h e  i n i t i a l  problem-screening phase and during problem d e f i n i t i o n .  

F ina l ly  t h e  percentage of technology t r a n s f e r s  accomplished during t h e  
r epo r t ing  per iod  was 21 percent a s  compared t o  20 percent  i n  t h e  repor ted  
two-year per iod.  Addit ional ly,  10  percent  of t h e  problems c losed  a r e  i n  a 
new category c a l l e d  "impacts", Thus, i n  31 percent  of a l l  cases  i nac t iva t ed  
during t h e  r epo r t ing  per iod ,  information of va lue  t o  t h e  problem o r i g i n a t o r  
was t r ans£  e r r ed .  



Table 3 .  Summary of Problems Closed 

Problem Closure Categories  Percentapes of Problems. Closed 

June 1967 t o  June 1969 Sept .  1969 t o  March 1970 

A --- Transfer  accomplished. 20% 21% 

B --- Researcher has  no f u r t h e r  i n t e r e s t  i n  t h e  problem. 33 10 

c ---. Researcher has  found h i s  own so lu t ion .  4 7 

D ---. A s  a r e s u l t  of personnel t r a n s f e r  i n  t h e  medical i n s t i t u t i o n s ,  t h e  
problem has e i t h e r  been closed o r  t r a n s f e r r e d  t o  another  i n s t i t u -  
t i o n  along wi th  the  i n v e s t i g a t o r  and has been given a new number. 9 

E --- 
N No present  o r  foreseeable  f u t u r e  NASA technology app l i cab le .  7 7 
0 

H --- S a t i s f a c t o r y  s o l u t i o n  i d e n t i f i e d  by team and v e r i f i e d  by 
r e sea rche r  bu t  t r a n s f e r  cannot be completed by researcher  f o r  
reasons d f  economy o r  l a c k  of resources.  3 

I --- Problem a s  o r i g i n a l l y  s t a t e d  was too broad o r  general .  1 5  3 

J ---- Problem i s  too d i f f i c u l t ;  i .e . ,  t he  problem as  given t o  t h e  RTI 
Biomedical Applicat ion Team i s  p re sen t ly  t h e  focus of l a r g e  
expenditures  of money, research ,  and development e f f o r t  making 
t h e  l i k e l i h o o d  of success  by the  Biomedical Applicat ion Team low. 

K ---- Problem p r i o r i t y  too low. Factors  involved a r e  c o s t l b e n e f i t  
r a t i o ,  team resourcesava i lab le ,  r e sea rche r ' s  resources ,  and 
enthusiasm. 

L ---- Problem grouped under another  number wi th  o t h e r  r e l a t e d  problems. 

M --- Impact 

To ta l  Numbers of Problems Closed 



3 . 2  Ac t ive  Problem S t a t u s  

A s  of  24 March 2970, t h e  RTI Biomedical  A p p l i c a t i o n  Teaq had 
a backlog of 65 a c t i v e  problems, These problems a r e  l i s t e d  i n  Appendix B 
a l o n g  w i t h  a problem s t a t u s  d e s i g n a t i o n  and problem t i t l e s ,  The numbers 
of problems i n  each cif t h e  s i x  s t a g e s  of t h e  t r a n s f e r  p r o c e s s  a r e  
p r e s e n t e d  i n  Tab le  4 and a r e  compared w i t h  s i m i l a r  d a t a  f o r  June  1968 
and June  1969, The most s i g n i f i c a n t  d i f f e r e n c e  i n  t h e s e  d a t a  i s  t h e  
i n c r e a s e d  number of problem s t a t e m e n t s  c i r c u l a t e d  t o  NASA F i e l d  C e n t e r s ,  
During t h e  l a t t e r  h a l f  of t h e  r e p o r t i n g  p e r i o d ,  e i g h t  problem s t a t e m e n t s  
were c i r c u l a t e d ,  These e i g h t  problem s t a t e m e n t s  a r e  p r e s e n t e d  i n  
Appendix C, Responses t o  t h r e e  of t h e s e  problem s t a t e m e n t s  have been 
r e c e i v e d  from NASA c e n t e r s  t o  d a t e .  Technology d i r e c t l y  r e l e v a n t  t o  t h e  
s o l u t i o n  of two of t h e  problems has  been i d e n t i f i e d  i n  t h e s e  responses .  
A meaningful  a n a l y s i s  of t h i s  s i t u a t i o n  cannot  however b e  made t h i s  e a r l y  
i n  t h e  problem s t a t e m e n t  c i r c u l a t i o n  c y c l e .  

I n  o r d e r  t o  f a c i l i t a t e  a q u a l i t a t i v e  assessment  of t h e  a c t i v e  problems 
be ing  i n v e s t i g a t e d  by t h e  RTI BATeam, b r i e f  s t a t e m e n t s  of t h e  t e c h n o l o g i c a l  
requirement  invo lved  i n  each problem and of t h e  medical  o b j e c t i v e  invo lved  
a r e  p r e s e n t e d  i n  Tab le  5 ,  These b r i e f  s t a t e m e n t s  of t h e  problems 
correspond t o  t h e  "what i s  needed" p a r t s  of t h e  Problem Sta tements  i n  
Appendixes C and D, From t h i s  t a b l e  one can q u i c k l y  de te rmine  t h e  t y p e s  
of problems o r i g i n a t i n g  from each p a r t i c i p a t i - n g  i n s t i t u t i o n  and t h e  scope 
of problems being i n v e s t i g a t e d  by t h e  team, 

From t h e  n a t u r e  o f  t h e  t e c h n o l o g i c a l  r equ i rements  one can i d e n t i f y  
two g e n e r a l l y  d i f f e r e n t  t y p e s ,  One t y p e  of problem is  c h a r a c t e r i z e d  by a 
p r e c i s e  and s p e c i f i e d  technology gap i n  the  medical  f i e l d .  Examples 
of t h i s  t y p e  a r e  TU-6, TU-3, and DU-67, These  problems i n v o l v e  t h e  
i d e n t i f i c a t i o n  of a t r a n s d u c e r ,  an ana log  s i g n a l  p r o c e s s o r ,  and a m a t e r i a l  
r e s p e c t i v e l y ,  I n  a l l  t h r e e  c a s e s ,  s o l u t i o n s  e i t h e r  do n o t  e x i s t  i n  
medica l  technology o r  t h e  a v a i l a b l e  s o l u t i o n s  r e p r e s e n t  on ly  p a r t i a l  
s o l u t i o n s ,  The impor tan t  a s p e c t  of t h i s  t y p e  of requirement  is t h a t  i t  
can b e  s p e c i f i e d  and from t h e s e  s p e c i f i c a t i o n s  one can d e t e m i n e  whether 
a p a r t i c u l a r  t r a n s d u c e r ,  approach,  o r  m a t e r i a l  does  i n  f a c t  r e p r e s e n t  a 
s o l u t i o n  t o  t h e  problem, The second t y p e  of problem i s  i l l u s t r a t e d  by 
BH-l through BH-3 and i s  c h a r a c t e r i z e d  by t h e  l a c k  of s p e c i f i c a t i o n s  on 
what is a c t u a l l y  r e q u i r e d .  The problem o r i g i n a t o r  f o r  t h e s e  problems is 
a s k i n g  t o  see what h a s  been developed i n  ae rospace  R and D programs r e l e v a n t  
t o  a medical  o b j e c t i v e .  The BATeam technology  t r a n s f e r  program is  
d i r e c t e d  toward s o l v i n g  problems of t h e  former  t y p e  where t h e  team can 
c l e a r l y  i d e n t i f y  t h e  c h a r a c t e r i s t i c s  of technology r e q u i r e d  t o  s o l v e  a 
problem, The l a t t e r  u n s p e c i f i e d  requirement  i s  more a p p r o p r i a t e l y  handled 
by a Regional Disseminat ion Center ,  The RTL team i s  a t  p r e s e n t  examining 
a l l  a c t i v e  problems which are of t h e  l a t t e r  t y p e  and a t t e m p t i n g  t o  o b t a i n  
meaningful  s p e c i f i c a t i o n s  on what i s  r equ i r ed  so  t h a t  t h e  team's  methodology 
can b e  a p p l i e d  w i t h  some r e a s o n a b l e  chance of ach iev ing  a technology t r a n s f e r .  



Another way of c h a r a c t e r i z i n g  t h e  problems being i n v e s t i g a t e d  by t h e  
team i s  t o  ca t egor i ze  them according t o  t h e  medical a r ea  which i s  a f f e c t e d  
(impact a r ea )  i f  t h e  problems a r e  so lved .  This breakdown of a c t i v e  problems 
i s  presented  i n  Table 6 ,  on page 30, Impact Areas. In t h e  t a b l e ,  an a s t e r i s k  
i n d i c a t e s  t h a t  t he  problem i s  l i s t e d  under two o r  more impact a r eas .  From 
the  t a b l e  i t  can be seen t h a t  most of t h e  problems being i n v e s t i g a t e d  
by t h e  team f a l l  i n t o  t he  fol lowing ca t egor i e s :  

Improved ins t rumenta t ion  and techniques f o r  c l i n i c a l  
d iagnos is ;  mul t iphas ic  h e a l t h  screening  -- 18  problems 

Provis ion  of improved r e h a b i l i t a t i o n  medicine and 
techniques -- 8 problems 

Detection and t reatment  of h e a r t  d i sease  -- 9 problems 

Detect ion and t rea tment  of  cancer  -- 8 problems 

Basic b i o l o g i c a l  and medical research  -- 1 5  problems 



Table 4 .  Active Problem S t a t u s  

Problem S t a t u s  - Number of  Probiems 

June 1968 -- June 1969 -- March 1970 -- 

A. Problem Def in i t i on  

B. Information Searching 

C.  Problem Statement C i r cu la t ion  

D. Evaluat ion 

E. Potentia;l Transfer  

F. Follow-up Ac t iv i ty  



Table  5 .  B r i e f  S ta tements  of 
Ac t ive  Problems 

BH-1 -- NASA developments i n  t h e  measurement o f  r e s p i r a t o r y  gas  volume 
and f low r a t e  on p a t i e n t s  e x e r c i s i n g  i n  a h e a l t h  s c r e e n i n g  
c l i n i c .  

BH-2 -- NASA developments i n  t h e a a l y s i s  o f  r e s p i r a t o r y  gas  c o n s t i t u e n t s  
( 0 2 ,  C02, N2) f o r  p a t i e n t s  e x e r c i s i n g  i n  a h e a l t h  s c r e e n i n g  
c l m i c .  

BH-3 -- NASA developments i n  t h e  measurements o f  b lood p r e s s u r e  a p p l i c a -  
t i o n  f o r  p a t i e n t s  e x e r c i s i n g  i n  a h e a l t h  s c r e e n i n g  c l i n i c .  

BH-4 -- NASA-developed blood f low t r a n s d u c e r s  f o r  n o n i n v a s i v e  m o n i t o r i n g  
o f  a r t e r i a l  b lood f low t r a n s d u c e r  f o r  a p a t i e n t  e x e r c i s i n g  i n  a 
h e a l t h  s c r e e n i n g  c l i n i c .  

BH-5 -- NASA-developed e l e c t r o c a r d i o g r a m  e l e c t r o d e s  f o r  a t t achment  t o  
a p a t i e n t  e x e r c i s i n g  i n  a h e a l t h  s c r e e n i n g  c l i n i c .  

BH-6 -- In format ion  and exper iementa l  d a t a  i s  needed on v a r i o u s  t y p e s  o f  
e x e r c i s e  t e s t s ,  p a r t i c u l a r l y  i n f o r m a t i o n  r e l a t e d  t o  s t a n d a r d i z a t i o n  
o f  e x e r c i s e  tests and t o  d e f i n i t i o n s  o f  normal performance f o r  
d i f f e r e n t  groups  w i t h i n  t h e  g e n e r a l  p o p u l a t i o n .  

CP-1 -- Computational t echn iques  f o r  d a t a  compression o r  d a t a  redundancy 
r e d u c t i o n  t o  be  used i n  h e a l t h  c a r e  d e l i v e r y  sys tems .  

CP-2 -- (1) T h e o r e t i c a l  e l a s t i c i t y  and computer s o f t w a r e  developments 
which u t i l i z e  geomet r ica l  and e x t e r n a l  f o r c e  d a t a  t o  de te rmine  
s t r e s s  and s t r a i n  d i s t r i b u t i o n s  i n  e l a s t i c  and v i s c o u s  
m a t e r i a l s .  
(2) M a t e r i a l s  s c i e n c e  s o f t w a r e  which u t i l i z e s  t ime  and s p a t i a l  
stress and s t r a i n  d i s t r i b u t i o n s  t o  c h a r a c t e r i z e  v i s c o u s  and 
nonviscous  m a t e r i a l  p r o p e r t i e s .  

CP-3 -- A method of d i g i t a l  image p r o c e s s i n g  i s  needed f o r  performing 
a l a r g e  number o f  p o s i t i o n  measurements f o r  s p e c i f i e d  p o i n t s  
i n  a s e q u e n t i a l  s e r i e s  o f  coronary angiograms . 

CP-4 -- In format ion  i s  needed concern ing  computer programming t o  pe rmi t  
asynchronous r e a l - t i m e  d a t a  a c q u i s i t i o n  d u r i n g  b a t c h  p r o c e s s i n g  
u s i n g  an IBM I130  Model 2B computer,  

DU-31 -- A catheter-mounted p r e s s u r e  t r a n s d u c e r  which can be i n s e r t e d  i n t o  
chambers of t h e  human h e a r t  f o r  h i g h - f i d e l i t y  moni to r ing  o f  blood 
p r e s s u r e  waveforms i n  t h e  h e a r t  as  a d i a g n o s t i c  t o o l  i n  p e d i a t r i c  
ca rd io logy .  
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BU-47 -- A catheter-mounted p re s su re  t ransducer  f o r  i n s e r t i o n  i n t o  t h e  
u r ina ry  t r a c t  f o r  monitor ing p re s su re  waveforms a s  a  d i agnos t i c  
t o o l ,  

Dub48 -- A flowraeter f o r  measuring flows i n  the  u r ina ry  t r a c t  a s  a  
d i agnos t i c  t oo l .  

DU-58 -- A por t ab le  u r i n e  d i sposa l  system which can be mounted on t h e  b e l t  
of p a t i e n t s  who do n o t  have u r ina ry  con t ro l .  

DU-59 -- A temperature t ransducer  which can be mounted on t h e  end of a 
probe t h a t  i s  i n s e r t e d  i n t o  t h e  b ra in  of  p a t i e n t s  undergoing 
surgery  f o r   arki ins on's Syndrome, 

DU-61 -- Improvements i n  image r e s o l u t i o n  and c o n t r a s t  i n  image- 
i n t e n s i f i e d  fluoroscopy f o r  high q u a l i t y ,  real- t ime 
v i s u a l i z a t i o n  of t h e  card iovascular  system a s  a  d i agnos t i c  
t oo l .  

DU-63 -- Method of d e t e c t i n g  t h e  f i r i n g  of i nd iv idua l  nerve  c e l l s  
wi thout  pene t r a t ion  of t h e  c e l l  wal l  t o  be used i n  bas i c  
research  on the  nervous system. 

BU-65 -- A t ransducer  f o r  measuring changes i n  Length of  l igaments  i n  
newly-amputated knee j o i n t s  and f o r  use i n  b a s i c  research  on 
ligament i n j u r i e s .  

DU-66 -- A t ransducer  f o r  measuring oxygen p a r t i a l  p ressure  i n  the  
s c a l p  of i n f a n t s  during c h i l d b i r t h  i n  o rde r  t o  reduce infant 
mor ta l i t y .  

DU-67 -- A s y n t h e t i c  r e s i n  which w i l l  adsorb s i n g l e  an t igens  and a t  
a  l a t e r  time can be separated on t h e  b a s i s  of s p e c i f i c  
g rav i ty  from t h e  s o l u t i o n s  being s tud ied ,  These r e s i n s  w i l l  
be used i n  b a s i c  research on immunology, 

DU-68 -- A method fo r  producing grooves, 10 microns i n  width and depth 
with a l e n g t h  of s eve ra l  centimeters, t o  be used in b a s i c  
research  on ca rd i ac  muscle cells, 

Em-2-- An energy converter which can c o n v e r f l i m i t e d  body o r  limb 
motions o f  p a t i e n t s  w i t h  impaired limb func t ion  i n t o  use fu l  
energy to power the  p r o s t h e t i c  devices  needed t o  r e s t o r e  func t ion  
t o  the  p a t i e n t  

IF%-5 -- Paw. improved wire  w i t h  increased  r e s i s t a n c e  t o  f a t i g u e  f a i l u r e  
and cor ros ion  i n  body f l u i d s  for electrical connection to 
implanted devices b o t h i n  haznra~~s arrd animals,  
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IRM-14 -- A motion-force ampl i f i e r  system wi th  reduced weight and power 
consumption and an improved con t ro l  system t o  d r i v e  a  mechanical 
exoskeleton f i t t e d  t o  a  p a t i e n t ' s  d i sab led  arm i n  o rde r  t o  
r e s t o r e  some func t iona l  use  of t he  h a ~ d  and arm. 

IRM-22 -- A means of  t r ack ing  t h e  eye movements of hemoplegic p a t i e n t s  
a s  they view t e s t  m a t e r i a l  i n  o rde r  t o  determine causes of 
v i s u a l  d i f f i c u l t y  which i n c a p a c i t a t e  o therwise  func t iona l  
p a t i e n t s  and i n  o r d e r  t o  permit formulat ion of r e h a b i l i t a t i o n  
procedures designed t o  r e s t o r e  hemoplegic p a t i e n t s  wi th  
scanning d i f f i c u l t i e s  t o  more normal and u s e f u l  l i v e s .  

IRM-23 -- A simple,  r e l i a b l e  alarm t o  i n d i c a t e  r e s p i r a t o r  f a i l u r e  so 
t h a t  f requent  s u r v e i l l a n c e  by nurses  would n o t  be requi red  
on p a t i e n t s  who need r e s p i r a t o r  a s s i s t a n c e  f o r  long  per iods  of 
time . 

LSU-1 -- An improved r e s p i r a t o r  design which w i l l  a l low a p o l i o  v i c t im  
t o  s i t  up i n  a  wheel c h a i r  while  t h e  r e s p i r a t o r  i s  opera t ing .  

MCV-2 -- A h igh - in t ens i ty ,  s o f t  X-ray source t o  permit v i s u a l i z a t i o n  
of s o f t  t i s s u e  i n  t h e  body f o r  d i agnos t i c  purposes wi th  d i r e c t  
a p p l i c a i t o n  t o  mammography t o  d e t e c t  tumors of t h e  female 
b reas t .  

N C I - 1  -- Techniques f o r  reducing no i se  l e v e l s  i n  p re fab r i ca t ed ,  modular, 
laminar  flow, s t e r i l e  rooms which have been developed f o r  
p a t i e n t s  undergoing cancer chemotherapy. 

NCI-2 -- A t ransducer  hr continuous monitoring of l a c t a t e  and pyruvate 
concent ra t ions  i n  blood i n  o rde r  t o  r ap id ly  d e t e c t  t he  onse t  
of shock i n  p a t i e n t s  undergoing t reatment  f o r  leukemia. 

NCI-3 -- A noninvasive,  r e l i a b l e  and comfortable t ransducer  f o r  
cont inous monitoring of blood p re s su re  i n  o rde r  t o  r ap id ly  
d e t e c t  t h e  onse t  of shock i n  p a t i e n t s  undergoing treatment 
fo r leukemia. 

NCI-4 -- A method of rap id  cool ing  a t  a  uniform r a t e  from room 
temperature t o  -50°C of a  volume of white  blood c e l l s  i n  o rde r  
t o  s t o r e  them f o r  subsequent use i n  the  t rea tment  of leukemia. 

NCI-6 -- A nondes t ruc t ive  technique f o r  f r a c t i o n a t i n g  white  c e l l s  taken 
from human blood i n t o  ca t egor i e s  which can be  phys i ca l ly  
d i s t i ngu i shed  i n  o rde r  t o  f a c i l i t a t e  b a s i c  s t u d i e s  of leukemia 
and eventua l ly  o t h e r  forms of  cancer.  

N C I - 7  -- A method f o r  rap id  hea t ing  a t  a uniform r a t e  from -50°C t o  room 
temperature of a  volume of f rozen , s to red ,  white  b lood  c e l l s  i n  
order  t o  rep lace  white  c e l l s  i n  leukemia p a t i e n t s  who have an 
i n s u f f i c i e n t  supply of white  c e l l s  a s  a  r e s u l t  of t reatment  f o r  
leukemia. 



NCSU-9 -- Recent developments i n  the  b a s i c  theory of 
and s t a t i o n a r y  s t o c h a s t i c  processes  
s t u d i e s  of t h e  human electroencephalogram a s  a t o o l  f o r  
d iagnos is  of s p e c i f i c  and l o c a l i z e d  b ra in  d i so rde r s .  

TU-1 -- A p re s su re  t ransducer  f o r  measuring shock waves i n  t he  
b r a i n  and f o r  use a s  a bas i c  r e sea rch  t o o l  i n  understanding 
b r a i n  damage occu r r ing  i n  automobile acc iden t s ,  f a l l s ,  and 
o t h e r  acc iden t s .  

TU-2 -- A t ransducer  f o r  measuring r e s p i r a t o r y  r a t e s  i n  ch i ld rdn  a t  
p lay  i n  a h o s p i t a l  c l i n i c  f o r  d iagnos is  of r e s p i r a t o r y  
d i s e a s e ,  

TU-3 -- A method f o r  determining t h e  frequency spectrum of brea th ing  
sounds on t h e  ches t  of ch i ld ren  i n  a h o s p i t a l  c l i n i c  f o r  
d iagnos is  of r e s p i r a t o r y  d i sease .  

TU-5 -- A t ransducer  f o r  measuring t h e  change i n  d i l a t i o n  of  a small 
s e c t i o n  of t h e  h e a r t  wal l  dur ing  a complete pumping cyc le  
and genera t ing  an a r t i f i c i a l  h e a r t  c o n t r o l  system input  s i g n a l .  

TU-6 -- An on- l ine ,  r e a l  t i m e  t ransducer  f o r  monitoring blood gases 
(02, C02, pH) i n  p a t i e n t s  dur ing  t h e  c r i t i c a l  phase fol lowing 
surgery.  

UNC-50 -- A smal l  p re s su re  t ransducer  f o r  use i n  r e h a b i l i t a t i o n  of  
p a t i e n t s  w i t h  i n j u r e d  hands is  needed t o  permit q u a n t i t a t i v e  
eva lua t ion  of  p a t i e n t  funct ion p l u s  h i s  response t o  
t h e r a p e u t i c  procedures ,  

UNC-55 -- A method of au tomat ica l ly  d e t e c t i n g  and recording p o s i t i o n  
vs .  t i m e  f o r  i n f a n t s  crawling f r e e l y  i n  a c losed room f o r  
b a s i c  psychological  s t u d i e s .  

WF-29 -- A r ap id  response (30 seconds) e l e c t r o d e  t o  measure hydrogen 
ion  concent ra t ion  and carbon d ioxide  p a r t i a l  p ressure  i n  t h e  
blood f o r  use i n  a research  program t o  determine t h e  e f f e c t  
of carbon d ioxide  on t h e  response of c e r t a i n  a r eas  of t h e  
b ra in .  

WF-53 -- A means of  ob ta in ing  the  v e l o c i t y  spectrum of blood flowing 
i n  ve ins  and a r t e r i e s  thus pe rmi t t i ng  t h e  accumulation of  more 
accu ra t e  information on blood flow which could be appl ied t o  
the  improvement of card iovascular  system models. 
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WF-56 -- An improved f l u i d  p re s su re  c a l i b r a t i o n  system t o  be used 
i n  blood p re s su re  t r a r ~ s d u c e r  c a l i b r a t i o n .  

WF-61 -- An accu ra t e  t ransducer  f o r  measuring blood v e s s e l  volume 
e l a s t i c i t y  (p re fe rab ly  -- i n  vivo)  i n  o rde r  t o :  (1) 
improve mathematical models used i n  s t u d i e s  of  card iovascular  
func t ion  and (2) eva lua t ion  of t o t a l  card iovascular  func t ion  
i n  human p a t i e n t s .  

WF-62 -- A smal l ,  t h i n  p re s su re  t ransducer  t o  measure t h e  p re s su res  
exer ted  on t i s s u e  by support-type hos i e ry  s o  t h a t  t h e  
e f f e c t s  of such hos i e ry  on the  vascu la r  c i r c u l a t i o n  i n  t h e  l e g s  
can be determined. 

WF-64 -- Techniques fo r inc reas ing  input  dynamic range,  l i n e a r i t y  and 
frequency response i n  volume plethysmography t ransducers  s o  
t h a t  s u b t l e  changes i n  blood volume waveforms r e s u l t i n g  
from abnormal i t ies  i n  t he  human c i r c u l a t o r y  system can be 
detected.  

WF-67 -- A f i l t e r  t o  s e p a r a t e  d a t a  occurr ing  a t  nominal h e a r t  r a t e s  
(80 per  minute) from da ta  occurr ing  a t  nominal r e s p i r a t i o n  
r a t e s  (10 pe r  minute) i n  plethysmographic da t a .  Volume 
changes a s soc i a t ed  wi th  h e a r t  ac t ion  and r e s p i r a t i o n  a c t i o n  
a r e  superimposed i n  plethysmographic d a t a  render ing  
i n t e r p r e t a t i o n  of t h e  d a t a  extremely d i f f i c u l t .  

WF-72-- C i r cu i t ry  which could be used t o  c o n t r o l  a  tilt bed i n  
response t o  p a t i e n t  blood pressure  v a r i a t i o n s  s o  t h a t  
t i l t i n g  of t h e  bed would r e s u l t  i n  reduct ion  of blood 
pressure  v a r i a t i o n s  i n  the  p a t i e n t .  

WF-73 -- A means t o  determine t h e  l o c a l  s i t e d  b leeding  i n  t h e  
i n t e s t i n e  s o  t h a t  c o r r e c t i v e  t reatment  and/or surgery  can be 
accu ra t e ly  appl ied  t o  t h e  b leeding  s i t e .  

WF-74 -- Improved methods of measuring amino ac id  concent ra t ion  i n  t h e  
bra in  t o  enhance s t u d i e s  of t h e  "blood-brain" b a r r i e r  which 
a t  p resent  is  no t  understood. 

WF-77 -- A method f o r  measuring h e a t  l o s s  from the  s u r f a c e  of t h e  s k i n  
a s  a  r e s u l t  of evaporat ion of p e r s p i r a t i o n  t o  permit assessment 
of blood flow i n  human pe r iphe r i e s  and c o r r e l a t i o n  wi th  
a r t e r i a l  d i sease .  

WF-79 -- Methods of computer ana lys i s  of chromosome d a t a  so a s  t o  
permit r ap id  de t ec t ion ,  f o r  mass screening  purposes,  o f  
mongolism i n  f e t u s e s  s u f f i c i e n t l y  e a r l y  t o  permit t he rapeu t i c  
abor t ion .  
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WF-80 -- A r e l i a b l e ,  self-powered, simple-to--operate and inexpensive 
in fus ion  pump f o r  continuous 24-hour ope ra t ion  i n  t h e  t reatment  
of cancer p a t i e n t s  i n  t h e  home environnent .  

WF-81 -- A means of d e t e m i n i n g  whether blood flow i n  a  tube i s  laminar 
o r  t u rbu len t  s o  t h a t  t he  e f f e c t i v e n e s s  of mixers  a t  t h e  sampling 
and i n j e c t i o n  s i t e  i n  bas i c  i n d i c a t o r  concent ra t ion  methods 
can be assessed ,  

WF-82 -- A means of prevent ing  "washou t ' h f  dye from t i p  of a  dye 
i n j e c t o r  i n  Pndicator  concent ra i ton  methods of s tudying  blood 
flow, so  a s  t o  e l imina te  t he  e r r o r  con t r ibu t ion  made by dye 
e n t e r i n g  the  flowing blood a f t e r  dye i n j e c t i o n  has t h e o r e t i c a l l y  
ceased. 

WF-83 -- FORTRAN - compatible computer programs f o r  t h e  s to rage  and 
r e t r i e v a l  of i n f r a r e d  spec t rographic  d a t a  on s e l e c t e d  chemical 
compounds t o  permit the  r ap id  i d e n t i f i e a i t o n  of unknown 
compounds from i n f r a r e d  spec t rographic  da ta .  

WF-86 -- A means of reducing anxie ty  i n  p a t i e n t s  during therapy by 
noncontact s t imu la t ion  so  t h a t  hype rven t i l a t i on  and consequent 
l o s s  of consciousness can be prevented,  thus  e f f e c t i n g  a  
s i g n i f i c a n t  savings i n  time t o  the  p a t i e n t  and t h e  p s y c h i a t r i s t .  

NIm-1 -- A t ransducer  t o  d e t e c t  the onset  of u r i n a t i o n  by g e r i a t r i c  
p a t i e n t s .  

MISC-4 -- A por t ab le  self-powered f r eez ing  u n i t  f o r  s t o r i n g  smallpox 
vaccine i n  remote, t r o p i c a l  regions,  



Table  6 .  Impact Areas 

l. DETECTION AND PREVENTION OF COWNICABLE DISEASE 

None 

2 .  IMPROVED INSTRUMENTATION AND TECHNIQUES FOR CLINICAL DIAGNOSIS, 
MULTIPHAS I C  HEALTH SCREENING 

RTI / BH-1 R e s p i r a t o r y  Measurement During E x e r c i s e  

BH-2 R e s p i r a t o r y  Gas Ana lys i s  During E x e r c i s e  

Blood P r e s s u r e  During E x e r c i s e  

Blood Flow During E x e r c i s e  

ECG During E x e r c i s e  

Catheter-Mounted P r e s s u r e  Transducer  

U r e t h r a l  P r e s s u r e  Transducer  

*DU-61 Improved Reso lu t ion  f o r  X-ray F luoroscop ic  
Images 

*MCV-2 High I n t e n s i t y  S o f t  X-ray Sources  

*NCSU-9 Ana lys i s  Techniques f o r  P h y s i o l o g i c a l  Data 

*TU-2 R e s p i r a t o r y  Rate Measurement 

*TU-3 A Lung Sound D e t e c t i o n  

An Improved Method o f  Determining Volume 
E l a s t i c i t y  o f  Blood Vessels 

A F i l t e r  t o  S e p a r a t e  P h y s i o l o g i c  Data Occur r ing  
a t  Nominal Hear t  Ra tes  from Lower Frequency Data 

Determinat ion o f  t h e  S i t e  of Bleeding i n  
t h e  I n t e s t i n e  

WF-83 I d e n t i f i c a t i o n  o f  I n f r a r e d  S p e c t r a  Using 
Computer Techniques 

BH-6 E x e r c i s e  Capaci ty  and S t a n d a r d i z a t i o n  i n  Human 
S t r e s s  T e s t i n g  

3. PROVISION OF IMPROVED REHABILITATION MEDICINE AND TECHNIQUES 

*RTI/DU-58 Urine  Disposa l  System 

IRM-2 A Body Power Energy S t o r a g e  System 

IRM-14 Motion Force Ampl i f i e r  

IRM-22 A Means of Tracking Eye Movements While Viewing 
P r i n t e d  Mat te r ,  Geometric Forms, and P i c t u r e s  
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RTI /NIMW-1 U r i n a t i o n  D e t e c t i o n  

I W - 2 4  Waste Management Technique 

ESU-1 Improved A r t i f i c i a l  R e s p i r a t o r s  

UNC-50 General  Purpose ,  I n d i c a t i n g ,  P r e s s u r e  
S e n s i t i v e  Muscle T r a i n e r  

4 .  DEVELOPMENT AND EVALUATION OF ARTIFICIAL ORGANS 

RTI/TU-5 Measurement o f  Change i n  Hear t  Wall Dimensions 

5.  DEVELOPMENT AND EVALUATION OF ORGAN ASSIST DEVICES 

An Improved F l e x i b l e  Lead Wire f o r  
I m p l a n t a b l e  Devices  

6.  DETECTION AND TREATMENTOFMENTAL WEA3;Tf-I PROBLEMS 

*RTI/UNC-55 Noncontact ing Method f o r  Human I n f a n t  
P o s i t i o n  Determinat ion 

WP-79 Computer P r o c e s s i n g  o f  Chromosome Data 

Reduction o f  Anxiety by Noncontact ing 
S t i m u l a t i o n  

7. DETECTION AND TmATMENT OF HEART DISEASE 

*RTI/DU-31 Catheter-Mounted P r e s s u r e  Transducer  

*DU-61 Improved R e s o l u t i o n  f o r  X-ray 
F luoroscop ic  Images 

Means o f  O b t a i n i n g  t h e  V e l o c i t y  Spectrum of  
Blood Flowing i n  A r t e r i e s  and Veins 

An Improved F l u i d  P r e s s u r e  Ca l i b r a t  i o n  Sys tern 

An Improved Method. of D e t e m i n i n g  Volume 
E l a s t i c i t y  o f  Blood Vesse l s  

A n  Extremely Thin P r e s s u r e  Transducer  t o  Measure 
t h e  P r e s s u r e  Exer ted  on T i s s u e  by Support-Type 
Hosiery  

WF-64 Improved Method o f  Making Volume Plethysmo- 
g r a p h i c  Measurements Re la ted  t o  Volume 
Changes i n  T i s s u e  Caused by I n f l u x  and E f f l u x  
o f  Blood During t h e  Card iac  Cycle 

A Means o f  Measuring Evapora t ive  Heat Loss  
from t h e  Skin  

Automated Measuremnt from Coronary Angiograms 
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8. DETECTION AND TREATMENT OF CANCER 

*RTI/MCV-2 High I n t e n s i t y  S o f t  X-ray Sources  

N C I - 1  Noise Reduction i n  Laminar Flow Rooms 

NCI-2 L a c t a t e / P y r u v a t e  Measurement i n  Blood 

NCI-3 Blood P r e s s u r e  Measurement 

NCI-4 C o n t r o l l e d  Ra te  of F r e e z i n g  a L i q u i d  

*NCI-6 S e p a r a t i o n  o f  White Cells 

NCI-7 Method o f  F a s t  Warming o f  a Frozen L i q u i d  

WF-80 A M i n i a t u r e  I n f u s i o n  Pump 

9. ASSESSMENT AND IMPROVEMENT OF ECOLOGICAL SYSTEMS 

None 

10.  REDUCTION OF HEALTH CARE COSTS 

RTI /IRM-2 3 A R e s p i r a t i o n  A l a r m  

WF-72 Automatic C o n t r o l  System f o r  a T i l t  Bed 

CP-4 Real Time Data A c q u i s i t i o n  During Batch P r o c e s s i n g  

11. DEWLOPMENT AND PROVISION OF REMOTE HEALTH CARE SERVICES 

RTI/ CP-1 Data Compression Techniques:  Sof tware  

MISC-4 Freez ing  Uni t  f o r  Smallpox Vaccine 

12 .  PROVISION OF MOREIBETTER MEDICAL PERSONNEL 

None 

13.  DETECTION AND TREATMENT OF KIDNEY DISEASE 

*RTI/DU-47 U r e t h r a l  P r e s s u r e  Transducer  

*DU-4 8 Urine  Flowmeter 

*DU-58 Urine  D i s p o s a l  System 

14 .  REDUCTION OF INFANT MORTALITY 

RTI/DU-66 Tissue  Oxygen Moni tor ing During C h i l d b i r t h  

15. DETECTION AND TREATMENT OF RESPIRATORY DISEASE 

*RTI/TU-2 R e s p i r a t o r y  Rate  Measurement 

*TU-3 A Lung Sound D e t e c t i o n  
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16. IMPROVEMENT OF SURGICAL AND RELATED TECIINIQUES 

RTI/DU-59 Temperature Measurement on a Small Brain Probe 

*WF-73 Determination of t he  S i t e  of  Bleeding i n  
t h e  Tntest ine 

TU-6 Measurement of pC02, PO*, pH i n  Blood 

17.  DENTAL AND ORAL 

None 

18.  BASIC RESEARCH 

Measurement of S ingle  Nerve Ce l l  Ac t iv i ty  

S t r a i n  Measurements i n  Ligaments 

Syn the t i c  Resins f o r  C e l l  Separat ion i n  
Immunological Research 

Grooves i n  Glass f o r  C e l l  Growing 

Separat ion of White C e l l s  

Analysis Techniques f o r  Phys io logica l  Data 

Shock Wave Measurement 

Noncontacting Method &or  Human I n f a n t  
P o s i t i o n  Determination 

An Electrode f o r  Measuring Hydrogen Ion 
Concentration and C02 P a r t i a l  Pressure  i n  
t h e  Blood i s  Needed 

Means of Obtaining t h e  Veloci ty Spectrum 
of Blood Flowing i n  A r t e r i e s  and Veins 

An Improved Flu id  Pressure  Ca l ib ra t ion  
System 

An Improved Method of Determining Volume 
E l a s t i c i t y  of Blood Vessels  

Assay of Amino Acids i n  t h e  Brain 

A Means of Detect ing Turbulence i n  Blood 
Flowing i n  a Tube 

Prevent ion of Tip Washout i n  Dye I n j e c t i o n  
Techniques 

* I n d i c a t e s  mu l t ip l e  impact a rea .  





This  s e c t i o n  c o n t a i n s  a b r i e f  smmary  of computer i n f o r m a t i o n  s e a r c h  
a c t i v i t i e s  of t h e  RTI E??Team d u r i n g  t h e  r e p o r t i n g  p e r i o d ,  Also  r e p o r t e d  
h e r e  a r e  p r e l i m i n a r y  i n v e s t i g a t i o n s  of t h e  e f f e c t s  of s e a r c h  s t r a t e g y  on 
completeness  of s e a r c h e s  and a n  i n i t i a l  assessment  of how RECON s e a r c h e s  
c a n  supplement s e a r c h e s  performed a t  NCSTRC, 

4 , l  Summary of Computer I n f o m a t i o n  Searches  a t  North  C a r o l i n a  
Sc ience  and Technology Research Cente r  (NCSTRC) 

During t h e  r e p o r t i n g  per iod t h e  RTI BATeam i n i t i a t e d  4 1  computer 
in fo rmat ion  s e a r c h e s  a t  NCSTRC and e v a l u a t i o n s  o f  28 s e a r c h  b i b l i o g r a p h i e s  
were completed.  The f a c t  t h a t  t h e  number o f  s e a r c h e s  i n i t i a t e d  exceeds t h e  
number eva lua ted  r e f l e c t s  t h e  i n c r e a s e d  emphasis on computer s e a r c h i n g  d u r i n g  
t h a t  pe r iod .  

Of t h e  28 s e a r c h e s  e v a l u a t e d ,  n ine  included c i t a t i o n s  judged r e l e v a n t  
t o  s o l u t i o n s  t o  problems by t h e  team and by t h e  problem o r i g i n a t o r .  Two 
computer s e a r c h e s  a t  NCSTRC r e s u l t e d  i n  t r a n s f e r s ,  Two s e a r c h e s  were judged 
r e l e v a n t  b u t  were n o t  e v a l u a t e d  by t h e  problem o r i g i n a t o r ;  t h e  problems 
were c l o s e d .  The remain ing  $7 e v a l u a t e d  were judged by t h e  team and t h e  
problem o r i g i n a t o r  a s  n o t  r e l e v a n t  t o  t h e  s o l u t i o n  of problems. O f  t h e s e  
19,  s i x  were f e l t  t o  be incomplete .  The team has  had i n d i c a t i o n s  i n  p rev ious  
s e a r c h e s  t h a t  t h e  s e a r c h e s  were incomplete  and a s  a  r e s u l t  i n i t i a t e d  t h e  
comparat ive  s t u d y  of t h e  importance of s e a r c h  s t r a t e g y  which is  r e p o r t e d  
i n  t h e  fo l lowing  s e c t i o n .  

4 .2  Dependence of Computer Search  R e s u l t s  Upon Search  S t r a t e g y  

I n  December of 1968, a  computer s e a r c h  was i n i t i a t e d  on problem 
WF-53, "Means of Obta in ing  t h e  V e l o c i t y  Spectrum of Blood Flowing i n  Veins 
and A r t e r i e s . "  The problem was exp la ined  t o  a n  a p p l i c a t i o n s  e n g i n e e r  
a t  NCSTRC and a  s e a r c h  s t r a t e g y  was formulated.  S i n c e  a  l a r g e  number of 
c i t a t i o n s  was expec ted ,  p a r t i c u l a r  c a r e  was e x e r c i s e d  t o  exclude documents 
r e l a t e d  t o  d o p p l e r  e f f e c t s  a t  o t h e r  t h a n  u l t r a s o n i c  f r e q u e n c i e s .  The s e a r c h  
was run ;  t h e  r e s u l t  was no c i t a t i o n s .  Two more s e a r c h  s t r a t e g i e s  were sub- 
s e q u e n t l y  fo rmula ted ,  and t h e  s e a r c h e s  were r e r u n ,  The f i n a l  r e s u l t  was a  s e a r c h  
b i b l i o g r a p h y  w i t h  39 c i t a t i o n s ,  No in format ion  was ob ta ined  from t h e  s e a r c h  
which could  be d i r e c t l y  a p p l i e d  t o  t h e  problems i n  s p i t e  of t h e  f a c t  t h a t  t h e  
s e a r c h  had been r u n  t h r e e  t imes  w i t h  t h r e e  d i f f e r e n t  s e a r c h  s t r a t e g i e s .  I n  
a d d i t i o n ,  t h e  concensus o f  op in ion  among BATeam members and t h e  a p p l i c a t i o n s  
eng ineer  a t  NCSTRC was t h a t  t h e r e  should be a  s i g n i f i c a n t  amount o f  in fo rmat ion  
i n  t h e  system on t h i s  s u b j e c t .  

More r e c e n e i y ,  t h e  Western Research Applica"bori Cen te r  (WESfiC) and t h e  
Aerospace Research A p p l i c a t i o n s  Cen te r  (ARAC) were asked t o  r u n  a s e a r c h  on 



t h e  same problem, The same d e s c r i p t i o n  of t h e  problem was g iven  t o  bo th  
WESRAC and ARAC a s  t h a t  g iven  t o  NCSTRG o r i g i n a l l y ,  ImSRAC and AaAC were 
t o l d ,  howevelc, t h a t  NCSTRC had encountered d i f f i c u l t y  i n  o b t a i n i n g  r e l e v a n t  
i n f o m a t i o n .  I n  a d d i t i o n ,  t h e  e x c l u s i o n  of d o p p l e r  s i g n a l s  o t h e r  t h a n  
u l t r a s o n i c  was o m i t t e d .  

The WESRAC s e a r c h  con ta ined  220 c i t a t i o n s ,  The ARAC s e a r c h  con ta ined  
302 c i t a t i o n s .  Each of t h e  t h r e e  s e a r c h e s  were then  examined. Every document 
whieh was c o n s i d e r e d  p e r t i n e n t  t o  t h e  s u b j e c t  was s e l e c t e d ,  Th is  s e l e c t i o n  
p rocess  does  n o t  imply t h a t  t h e  doeunlents were p o t e n t i a l  s o l u t i o n s  t o  t h e  
problem o r ,  f o r  t h a t  m a t t e r ,  r e l e v a n t  t o  t h e  problem, R a t h e r ,  t h e s e  docu- 
ments r e p r e s e n t  t h e  types  of documents one would expec t  t o  o b t a i n  when s e a r c h i n g  
t h i s  s u b j e c t  a r e a .  T h i s ,  of  c o u r s e ,  i s  a s u b j e c t i v e  judgment, 

The s e l e c t e d  documents a r e  compared i n  Table  7 ,  The i n f l u e n c e  of t h e  
knowledge t h a t  NCSTRC had exper ienced d i f f i c u l t y  i n  t h e i r  s e a r c h  upon t h e  s e a r c h  
s t r a t e g i e s  used a t  AaAC and WESRAC i s  shown i n  t h e  r e l a t i v e  number of c i t a t i o n s  
ob ta ined  by t h e  t h r e e  R D C % ~  It is  a g a i n  s t r e s s e d  t h a t  t h e s e  d a t a  do n o t  
r e p r e s e n t  n o r  a r e  t h e y  in tended t o  r e p r e s e n t  a camparison o f  RDC performance.  
Two f e a t u r e s  of t h e  d a t a  i n  t h e  t a b l e  a r e  f e l t  t o  be s i g n i f i c a n t .  These a r e :  

(1) Only one document is  c o m o n  t o  t h e  o u t p u t s  o f  t h e  
t h r e e  s e a r c h e s ;  and ,  

(2)  Of t h e  25 p e r t i n e n t  documents i d e n t i f i e d  i n  a l l  t h r e e  
s e a r c h e s ,  20 were i d e n t i f i e d  by on ly  one of t h e  s e a r c h e s .  

Th i s  e x e r c i s e  i l l u s t r a t e s  c l e a r l y  t h e  s e n s i t i v i t y  o f  t h e  s e a r c h  o u t p u t  t o  
t h e  manner i n  which t h e  s e a r c h  s t r a t e g y  i s  w r i t t e n ,  It a l s o  i n d i c a t e s  t h e  
d i f f i c u l t y  of o b t a i n i n g  a l l  a v a i l a b l e  i n f o m a t i o n  i n  t h e  ae rospace  in format ion  
bank r e l e v a n t  t o  a s p e c i f i c  problem. It can  be i n f e r r e d  from t h i s  e x e r c i s e  t h a t  
t h e r e  a r e  few c i rcumstances  under whieh one can  be c e r t a i n  h e  has  ob ta ined  all 
t h e  p e r t i n e n t  i n f o m a t i o n  on a g iven  t o p i c ,  

4 , 3  Exper ience  w i t h  RECON Search  System 

The RECON s e a r c h  system has  been developed f o r  NASA t o  a l l o w  rea l - t ime-  
o n - l i n e  s e a r c h i n g  of t h e  ae rospace  i n f o r m a t i o n  bank, Search s t r a t e g i e s  a r e  
des igned and modif ied by a n  i n d i v i d u a l  w i t h  t h e  a s s i s t a n c e  of t h e  system. A s  
t h e  i n d i v i d u a l  c o n s t r u c t s  a s e a r c h  strategy, he i s  shown on a v i s u a l  d i s p l a y  
t h e  number and type o f  c i t a t i o n s  which a r e  be ing  a s s e s s e d  and he  i s  shown 
s imilar  s e a r c h  terms which can be used t o  modify t h e  s e a r c h  s t r a t e g y  i n  o r d e r  
t o  more n e a r l y  o b t a i n  t h e  r e s u l t s  expected and d e s i r e d ,  Another f e a t u r e  of 
RECON i s  t h a t  a c c e s s  t o  @'XW documents ( l i m i t e d  d f s m i b u t i o n  documents) can  be 
ob ta ined  , 

The =CON system located a t  NASA Headquarters i n  Washington, D ,  C. was 
used t o  perform a search orr prublertl DU-48, "Urine Flowmeter," 'I%& s e a r c h  was 
performed by a member s f  t h e  BkTeam, D t ,  F ,  T, Wooten; t h i s  was h i s  f i r s t  
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encounte r  w i t h  RECOW. The r e s u l t s  of  t h e  search were 39 c i t a t i o n s  w i t h  11 
of t h e  c i t a t i o n s  be ing  ('X" documents, W s e a r c h  performed a t  NCSTRC y i e l d e d  
20 c i t a t i o n s  w i t h ,  o f  c o u r s e ,  na  "X'"oocuments, F o u r t e e n  c i t a t i o n s  were 
c o m o n  t o  bo th  t h e  RECON and NCSTRC s e a r c h  b i b l i o g r a p h i e s .  These d a t a ,  
a l t h o u g h  n o t  n e c e s s a r i l y  s i g n i f i c a n t ,  i n d i c a t e  t h e  p o t e n t i a l  f o r  g r e a t l y  
i n c r e a s i n g  t h e  number of documents i d e n t i f i e d  as p o s s i b l e  r e l e v a n k  t o  t h e  
s o l u t i o n  of problems by supplement ing RDC s e a r c h e s  w i t h  RECON s e a r c h e s .  



5.0 SPECIAL TASKS 

During the  r epo r t ing  period the  RTI BATearn i n i t i a t e d  t h r e e  s t u d i e s  
aimed a t  enhancing the  o v e r a l l  e f f e c t i v e n e s s  of the  BATeam program. A 1 1  
t h ree  of these  s t u d i e s  o r  s p e c i a l  t a sks  a r e  cont inuing  a s  of March 1970. 
The approach taken,  conclusions t o  d a t e ,  and f u t u r e  p lans  f o r  each of 
these  t a sks  a r e  summarized i n  t h i s  s ec t ion .  The t h r e e  t a sks  repor ted  
here a r e :  

I n v e s t i g a t i o n  of t h e  P o t e n t i a l  f o r  T rans fe r r ing  NASA- 
generated Computer Sof tware t o  Appl ica t ions  i n  Medicine. 

I n v e s t i g a t i o n  i n t o  P o s s i b i l i t y  of E s t a b l i s h i n g  BATeam- 
Indus t ry  I n t e r f a c e  

Inves t iga t ion  of BATeam Program Management Techniques. 

5 . 1  Inves t iga t ion  of t he  P o t e n t i a l  f o r  T rans fe r r ing  NASA-Generated 
Computer Sof tware t o  Applicat ions i n  Medicine 

5.1.1 In t roduct ion  

Reported here  a r e  the  r e s u l t s  of a n  i n v e s t i g a t i o n  i n t o  the  
sub jec t  of app l i ca t ions  of NASA-generated computer sof tware i n  medicine. 
The BATeam has attempted t o  answer the  fol lowing ques t ions :  

What l e v e l  of sof tware i s  most e f f e c t i v e l y  or  most u se fu l ly  
t r a n s f e r r e d  ? 

'To what types of biomedical users  can t h i s  sof tware m o s t , e f f e c t i v e l y  
be t r ans fe r r ed  ? 

How do we b e s t  match t h e  biomedical user" problem with the  
NASA-generated software answer? 

The team had o r i g i n a l l y  intended t o  t r y  t o  c h a r a c t e r i z e  NASA-generated 
software a s  t o  i t s  p o t e n t i a l  usefu lness  i n  medicine, and a l s o  t o  c h a r a c t e r i z e  
medical needs f o r  computer sof tware.  Then, t he  above quest ions would be 
answered by c ros s -co r re l a t ing  the  two s e t s  of c h a r a c t e r i z a t i o n s  descr ibed.  
Almost immediately i t  became c l e a r  t h a t  t h i s  could no t  be done. Ins tead ,  i t  
i s  bel ieved t h a t  t he  d i s c r e t e  problem-or iented method a  l ready used i n  t h e  
BATeam program i s  appropr ia te  f o r  computer sof tware t r a n s f e r s :  f i r s t  d e f i n e  
t h e  medical computation problem, and then s e e  i f  a n  answer e x i s t s  i n  NASA- 
generated software.  

5.1.2 Methods of Inves t iga t ion ,  Sources of Data, Opinions 

The following sec t ions  a r e  d iscuss ions  of t h e  methods of i n v e s t i -  
ga t ion  and she sources of da t a  used i n  t h i s  sof tware- re la ted  s t u d y .  



5 , E , 2 , 1  C o n s u l t a n t s  

Two members of t h e  D i ~ m e d i c a l  Eng ineer ing  D i v i s i o n  
of t h e  School of Engineer ing  a t  Duke University, D r ,  Theo P i l k i n g t o n ,  
Chairman, and D r .  F. L. Thurs tone ,  A s s o c i a t e  P r o f e s s o r ,  have devoted approx i -  
mate ly  one day per  week each t o  t h i s  i n v e s t i g a t i o n ,  They were t o  i d e n t i f y  
s e v e r a l  s o f t w a r e  t r a n s f e r s  i n  a  s h o r t  t ime,  c o n c e n t r a t i n g  t h e i r  e f f o r t s  
i n  a r e a s  where p r o g r a m i n g  requ i rements  were r e l a t i v e l y  s imple ,  They 
were a l s o  t o  i d e n t i f y  s e v e r a l  major  a r e a s  of medica l  s o f t w a r e  needs ,  by t h e  
t y p e s  of so f tware  a v a i l a b l e  w i t h i n  NASA, 

5.1.2.2 D e f i n i t i o n  of P o s s i b l e  Biomedica l Sof tware  User 

L i s t e d  below a r e  same of t h e  peop le  o r  groups w i t h  whom 
t h e  team has  t a l k e d  i n  t r y i n g  t o  c h a r a c t e r i z e  p o s s i b l e  b iomedica l  u s e r s  of NASA 
s o f t w a r e .  

Other  BATeams -- Sof tware  t r a n s f e r  exper iences  of t h e  p a s t  were d i s c u s s e d  
w i t h  members of t h e  BATeams a t  b o t h  S o u t h ~ s e s t  Research I n s t i t u t e  and Midwest 
Research I n s t i t u t e .  

BATeam C o n s u l t a n t s  -- Sof tware  t r a n s f e r  p o s s i b i l i t i e s  have been d i s c u s s e d  
a t  l e n g t h  w i t h  D r .  E. A .  Johnson,  o u r  r e g u l a r  ELATeam c o n s u l t a n t  a t  Duke U n i v e r s i t y  
Medical  Cen te r .  The s u b j e c t  has  a l s o  been d i s c u s s e d  w i t h  D r ,  George Malindzak, 
J r . ,  t h e  BATeam c o n s u l t a n t  a t  Bo~lman Gray School, of Medicine of Wake F o r e s t  
U n i v e r s i t y  . 

Duke - Users  -- The team fias assumed t h a t  Duke U n i v e r s i t y  
Medical  Cen te r  is t y p i c a l  of most medical  r e s e a r c h  c e n t e r s  and h a s  c o n c e n t r a t e d  
upon Duke U n i v e r s i t y  i n  t h i s  i n v e s t i g a t f o n  because of i t s  g e o g r a p h i c a l  con- 
venience and because  of t h e  number of people  a t  Duke who a r e  e x p e r t s  i n  a l l  
a s p e c t s  of computer u s e ,  A p a r t i a l  List of t h e  Duke s t a f f  wi th  whom t h i s  has  
been d i s c u s s e d  i n c l u d e s  : 

D r .  R.  Ames Schroeder ,  Director, Duke U n i v e r s i t y  Computer C e n t e r ;  

D r .  Thomas G a l l i e ,  P r o f e s s o r  of Bioma-thematics and Mathematics; 

D r .  E .  Harvey E s t e s ,  Chairman of Departrslenb of Cornuni ty  Heal th  
Sc iences  and A h l n i s t r a t i v e  Read o f  D i g j  t s l  Computation of t h e  
Duke U n i v e r s i t y  Medical  School ; 

D r .  C .  Frank S t a m e r ,  A s s i s t a n t  Professor, D e p a ~  trr~ent of Medicine and 
Myocardial  I n f a r c t i o n  Research Unit; 

D r .  W. E.  Hamond, A s s i s t a n t  P r o f e s s o r ,  Depaarlzment of Comuniky Hea l th  
Sc iences  and D iv i s ion  of Ki s e n g i n e e r i n g  ; 

D r ,  D i e t o l f  R a m ,  A s s o c i a t e ,  Departrraent of ComunLty Heal th  Sc iences  . 



~f t h e  -- 
Smithsonian I n s t i t u t e  p rov ides  a s e a r c h  of a b s t  
f e d e r a l  a g e n c i e s ,  and s t a t e ,  u n i v e r s i t y ,  p r i v a t  
o r g a n i z a t i o n s ,  To a s s i s t  t h e  team i n  d e f i n i n g  medical. u s e r s  of s o f t w a r e ,  SIE 
performed a s e a r c h  of c u r r e n t  g r a n t  a b s t r a c t s  t o  i d e n t i f y  p r o j e c t s  i n v o l v i n g  
t h e  development and a p p l i c a t i o n  of computer s o f t w a r e  i n  g e n e r a l .  

RTI In-House - Users  -- The team has  had a number of d i s c u s s i o n s  
w i t h  v a r i o u s  RTI p e r s o n n e l  involved i n  computer a p p l i c a t i o n s ,  i n c l u d i n g  
M r .  Bob Browning, D i r e c t o r  o f  t h e  RTI Computer Cen te r .  

5.1.2.3. Access t o  Sof tware  In format ion  w i t h i n  NASA 

L i s t e d  below a r e  some of t h e  i n d i v i d u a l s  who have 
been c o n t a c t e d  i n  i d e n t i f y i n g  means of f i n d i n g  NASA-generated s o f t w a r e  t o  
s o l v e  a s p e c i f i c  b iomedica l  problem. 

U t i l i z a t i o n  O f f i c e s  NASA F i e l d  C e n t e r s  -- The team has  
c o n t a c t e d  a number of TuO% t o  unders tand how t h e y  now h a n d l e  s o f t w a r e  problems 
and t o  de te rmine  whether  each NASA c e n t e r  h a s  a List o f  most o f  t h e  computer 
programs a v a i l a b l e  a t  t h a t  c e n t e r .  

NASA -- M r .  Eugene Brock a t  Manned S p a c e c r a f t  Cen te r  
( ~ ~ C ) T ~ o u s t o n  i s  i n  c h a r g e  of a Program S h a r i n g  L i b r a r y  which is p a r t  of t h e  
NASA r e s o u r c e s  s h a r i n g  program. The team has  c o n t a c t e d  M r .  Brock about  s o f t w a r e  
t r a n s f e r  i n  g e n e r a l ,  and h a s  a p p l i e d  f o r  membership i n  t h e  Program Shar ing  
L i b r a r y  s o  t h a t  t h e  RTI BATeam c a n  o b t a i n  complete  in format ion  on t h e  types  
o f  programs which c a n  be found i n  NASA. Also,  l i t e r a t u r e  s e a r c h e s  were r u n  
on t h e  two s u b j e c t s ,  Data Compression and S t r u c t u r a l  A n a l y s i s ,  t o  assess 
t h i s  means of f i n d i n g  NASA so£ tware  in format  i o n ,  

and - Cente r  -- COSMIC 
h a s  in format ion  on l o c a t i n g  o t h e r  programs i n  a d d i t i o n  t o  t h e  approximately  
2000 computer programs which t h e y  have on f i l e .  We have d i s c u s s e d  s o f t w a r e  
t r a n s f e r  i n  g e n e r a l  and COSMIC8& r e s o u r c e s  i n  p a r t i c u l a r  w i t h  M r .  Harry B. 
Rowell, D i r e c t o r ,  COSMIC. 

Gente r s  -- Sof tware  t r a n s f e r  and a p p r o p r i a t e  
s e a r c h  s t r a t e g i e s  f o r  s o f t w a r e  t r a n s f e r  problems have been e x t e n s i v e l y  d i s c u s s e d  
w i t h  M r .  T. R. P o t t e r  of NCSTRC. 

NASA F l a s h  Index -- The F l a s h  Index shou ld  be inc luded  i n  any l i s t  of 
PPP 

means of a c c e s s i n g  E n f o m t i o n  w i t h i n  NASA. 

5.1.3 Leve l s  of Sof tware  T r a n s f e r  

The kern "scftware" h a s  been used i n  a v e r y  l o o s e  and g e n e r a l  
s e n s e  t o  t h i s  p o i n t .  I n s t e a d  of a t i g h t e r  d e f i n i t i o n  o f  s o f t w a r e ,  f o u r  d i f f e r e n t  



l e v e l s  of s o f t w a r e  t r a n s f e r ,  t o  be r e f e r r e d  t o  as Type I t r a n s f e r s ,  Type I1 
t r a n s f e r s ,  e t c . ,  w i l l  be d e f i n e d .  These Levels a r e  o u t l i n e d  below: 

: u s e r ' s  Access t o  a  Program a t  a  NASA F i e l d  C e n t e r  

The Type I t r a n s f e r  a p p l i e s  t o  a  c a s e  i n  which t h e  b iomedica l  u s e r  is 
unab le  t o  implement a  needed program a t  h i s  f a c i l i t y ,  due t o  p r o h i b i t i v e  program 
s i z e ,  s p e c i a l i z e d  I n p u t / ~ u t p u t  (110) f a c i l i t i e s ,  or o t h e r  r e a s o n s .  NASTRAN 
g e n e r a l l y  would q u a l i f y  a s  such a  program. 

: T r a n s f e r  of a  Complete NASA Program f o r  Use a t  t h e  Biomedical  
u s e r ' s  I n s t a l l a t i o n  

A Type I1 t r a n s f e r  a p p l i e s  t o  t h e  c a s e  i n  which a n  e x i s t i n g  NASA program 
i s  t r a n s f e r r e d  v i r t u a l l y  i n t a c t ,  o r  w i t h  minor m o d i f i c a t i o n s ,  f o r  use  a t  t h e  
b iomedica l  u s e r ' s  own i n s t a l l a t i o n .  

: Use of P o r t i o n s  of One o r  More Programs 

I n  many c a s e s ,  one may be a b l e  t o  deve lop  a needed program by employing 
p o r t i o n s  (p robab ly  s u b r o u t i n e s )  of one o r  more e x i s t i n g  programs. Thus, a  
b iomedica l  a p p l i c a t i o n  of a  NASA s u b r o u t i n e  i s  a  Type III t r a n s f e r .  

: Algor i thms and P r e c o d i n g  In fo rmat ion  

I n  many c a s e s  t h e  b iomedical  use r"  computer f a c i l i t i e s  w i l l  be s o  d i f f e r e n t  
from t h e  NASA computer f a c i l i t i e s  f o r  which t h e  program was des igned t h a t  t h e  
b iomedica l  u s e r  w i l l  f i n d  i t  more economical  t o  r e w r i t e  t h e  program comple te ly .  
The a l g o r i t h m s  i n  t h e  o r i g i n a l  program, t h e  "how t o  do  i t" g e n e r a l  l o g i c a l  f low 
of t h e  program, could  s t i l l  be ex t remely  u s e f u l  i n  w r i t i n g  a  s i m i l a r  program 
f o r  t h e  b iomedica l  u s e r ' s  i n s t a l l a t i o n ,  Thus, a  Type PV t r a n s f e r  is  a  t r a n s f e r  
of NASA technology b u t  n o t  of a  packaged program, 

5 .1 .4  Sof tware  T r a n s f e r  B a r r i e r s  

The f o l l o w i n g  pa ragraphs  nutline t h e  c o n d i t i o n s  which must be 
s a t i s f i e d  and t h e  major  b a r r i e r s  t o  the four types  of s o f t w a r e  t r a n s f e r s  d e f i n e d  
i n  t h e  p r e c e d i n g  s e c t i o n ,  

T r a n s f e r  -- B a r r i e r s  t o  Type 1 s o f t ~ ~ a r e  t r a n s f e r s  a r e  p r i m a r i l y  
o p e r a t i o n a l  i n  n a t u r e .  One of t h e  major problems l i k e l y  t o  be encountered i s  
s c h e d u l i n g  computer t ime a t  t h e  NASA c e n t e r  t o  c o i n c i d e  w i t h  t h e  problem 
o r i g i n a t o r s '  v i s i t s  t o  t h e  c e n t e r  which of c o u r s e  w i l l  be dependent  upon t h e  
t ime  which t h e  c e n t e r  pe r sonne l  c a n  d e v o t e  to working w i t h  t h e  problem o r i g i n a t o r .  
These o p e r a t i o n a l  problems coupled w i t h  t h e  s t r o n g  tendency of medica l  p e r s o n n e l  
t o  perform t h e i r  work a t  t h e i r  own f a c i l i t y  i n d i c a t e s  t h a t  r e l a t i v e l y  few Type I 
t r a n s f e r s  w i l l  be accomplished,  

T r a n s f e r  -- A Type PI t r a n s f e r  is  t h e  I - - - "  L c n S L  l i k e l y  of a l l  i n  t h e  
view of  many i n d i v i d u a l s  who have been c o n t a c t e d  i n  t h i s  s t u d y .  Computer 
c e n t e r s  a r e  a l l  d i f f e r e n t  and t h e  debugging a s s o c i a t e d  w i t h  d i r e c t  t r a n s f e r  
is  ve ry  d i f f i c u l t ,  even i n  t h o s e  e a s e s  i n  which p o r t i o n s  of t h e  o r i g i n a l  program 
-..--- ---- w e r e  w r i t t e n  i n  a machine-independent lower l e v e l  Language such as X4P o r  FAP. 



The b iomedica l  u s e r  must e i t h e r  be a eompetenb prografim~er o r  have a c c e s s  t o  
one. T h i s  type  of t r a n s f e r  is  probably  t h e  e a s i e s t t o  document and t h e  most 
unl i k e l y  t o  a c h i e v e ,  

T r a n s f e r  -- A Type 111 t r a .ns fe r  is  rnore p r o h b l e  than  a  Type 11, 
b u t  many of  t h e  s u b r o u t i n e s  t h a t  might  be c o n s i d e r e d  a r e  a l r e a d y  a v a i l a b l e  t o  
t h e  b iomedical  c o r n u n i t y  from s o u r c e s  as  t h e  LBM S c i e n t i f i c  S u b r o u t i n e  Package 
and t h e  B'MD and BNDX program s e r i e s  of t h e  UGT.A Hea l th  S c i e n c e s  Computing 
F a c i l i t y ,  I n  documenting a Type 111 t r a n s f e r ,  i t  might  be d i f f i c u l t  t o  i d e n t i f y  
t h e  un iqueness  i n  t h e  NASA s u b r o u t i n e  t r a n s f e r r e d ,  

T r a n s f e r  -- The Type ZV t r a n s f e r  is  p robab ly  t h e  e a s i e s t  t o  a c h i e v e  
i n  g e n e r a l .  The form of t h e  i n f o r m a t i o n  a c t u a l l y  t r a n s f e r r e d  might  be a s  sub- 
s t a n t i a l  a s  a  d o c w e n t  g i v i n g  program f low c h a r t s ,  o r  a s  i n t a n g i b l e  a s  a  s e r i e s  
of t e l e p h o n e  c o n v e r s a t i o n s  between t h e  b iomedica l  u s e r  and t h e  group who produced 
t h e  NASA program. Th i s  i n f o r m a t i o n  t r a n s f e r  can  be ve ry  v a l u a b l e  t o  t h e  
b iomedica l  u s e r  and c o n s t i t u t e s  a  NASA technology t r a n s f e r ,  b u t  may be somewhat 
d i f f i c u l t  t o  document, 

The above d i s c u s s i o n  i m p l i e s  t h a t  t h e  b iomedica l  u s e r  must know programming 
o r  have a c c e s s  t o  p r o g r a m e r s  f o r  a l l  t y p e s  of  t r a n s f e r s  excep t  Type I ,  

5 . 1 , 5  Conc l u s  i o n s  and Recornendat i o n s  

It is  concluded t h a t  a good p o t e n t i a l  e x i s t s  f o r  Type LV 
t r a n s f e r s ,  and t h a t  any g e n e r a l  approach t o  b iomedica l  s o f t w a r e  t r a n s f e r s  should  
aim p r i n c i p a l l y  a t  Type I V  t r a n s f e r s ,  h a n d l i n g  o t h e r  t r a n s f e r  t y p e s  on a n  ad hoc 
b a s i s  a s  they  a r i s e ,  The n a t u r e  of t h e  i n f o m a t i o n  be ing  t r a n s f e r r e d  i n  a  
Type I V  t r a n s f e r  h a s  t o  be c l e a r l y  unders tood by a l l  p a r t i e s  concerned w i t h  
a s s e s s i n g  t h e  v a l u e  s f  t h e  t r a n s f e r ,  

T h i s  proposed b iomedica l  s o f t w a r e  t r a n s f e r  p r o c e s s  should  f i t  i n t o  t h e  
e x i s t i n g  BATeam program w i t h  on ly  t h o s e  few changes i n d i c a t e d  i n  t h e  fo l lowing  
p a r a g r a p h s .  Sof tware  t r a n s f e r  t o  b iomedic ine  does  n o t  seem t o  w a r r a n t  t h e  
e s t a b l i s h m e n t  of a  s e p a r a t e  t r a n s f e r  mechanism, 

Problem S e l e c t i o n  -- A s  a l r e a d y  i n d i c a t e d  t h e  problem o r i g i n a t o r  must have 
o r  have a c c e s s  t o  p r o g r a m i n g  c a p a b i l i t y  i f  s o f t w a r e  t r a n s f e r s  a r e  t o  be  accom- 
p l i s h e d ,  The BATeam shou ld  aim f o r  Type I V  t r a n s f e r s  i n  g e n e r a l  b u t  should  s t a y  
f l e x i b l e  enough t o  hand le  o t h e r  types  s f  t r a n s f e r s  a s  w e l l .  

Problem S ta tements  -- The problem o r i g i n a t o r  shou ld  be used more h e a v i l y  
i n  t h e  a c t u a l  problem s t a t e m e n t  p r e p a r a t i o n  i f  p o s s i b l e  because  h e  w i l l  probably  
know more t h a n  t h e  team member abou t  what p r o g r a m i n g  informatgon is  needed,  
T h i s  i s  a  r e v e r s a l  of t h e  s i t u a t i o n  i n  t h e  c o n v e n t i o n a l  BATeam program, and t h e  
e x t r a  knowledge of t h e  problem o r i g i n a t o r  i n  t h e  s o f t w a r e  problems must be 
u t i l i z e d  t o  insiire t h a t  t h e  p r e b l s  statenent c o n t a i n s  a l l  necessary i n f o m a t i o n ,  



Each BATedm designate  one of i ts  members tn  a c t  as the  team's 
exper t  on software problem statements.  He should read each software s t a t e -  
ment t o  be sure  the  r i g h t  information was supplied.  

A software-related problem statement i s  designed t o  ask  NASA cen te r  
personnel whether they have done a given type -i programming o r  not.  Unlike 
the  ordinary BATeam statements,  the  software problem statement should not  
at tempt t o  s o l i c i t  an  invent ive  suggestion from the  cen te r  personnel. Only 
pas t  accomplishments a r e  of i n t e r e s t  fo r  the  Type I V  software t r ans fe r .  

Since a software problem statement is  only t r y i n g  t o  e l i c i t  a "yes" o r  
a "no" based on past  h i s t o r y ,  and is not  seeking the  s ing le  invent ive  o r  
c r e a t i v e  suggestion which is s o  important i n  the  regula r  BATeam program, 
c i r c u l a t i o n  of the  statement a t  NASA Field  Centers should be highly s e l e c t i v e  
instead of the  broad exposure t h a t  is sought i n  t he  case  of o ther  probiem 
statements. Most (but not  a l l )  of the  NASA F ie ld  Centers have a l i s t  of a l l  
computer programs i n  use a t  t h a t  center .  It w i l l  be very important t o  ge t  
problem statements t o  the  loca t ion  of those lists. I n  add i t i on  t o  the  TUO 
channels, i t  w i l l  be very important t o  send copies  of problem statements 
t o  the Program Sharing Library and t o  COSMIC. 

5.1.6 Categories of NASA-Generated Computer Software Having 
P o t e n t i a l  Application i n  Medicine 

The fo l lowing  t e n t a t i v e  ca tegor iza t ion  of NASA software 
i s  based exclusively  upon programs l i s t e d  i n  COSMIC'S publ icat ions .  Since 
the  team is advocating the  d i s c r e t e  problem-oriented approach t o  software 
t r ans fe r ,  we do not plan t o  expend appreciably f u r t h e r  e f f o r t s  t o  improve o r  
r e f i n e  the  following ca tegor ies :  

Network Acalysis  -- A wide v a r i e t y  of programs a r e  ava i l ab l e  i n  t h i s  a rea .  -- 
Such programs a r e  of a general  nature and a r e  appl icab le  t o  both A.C. and D.C. 
networks with a c t i v e  and passive components. The user  is f r e e  t o  spec i fy  any 
given c i r c u i t  conf igurat ion within  the  cons t r a in t s  of the  program. 

The programs f a l l  i n t o  the  following ca tegor ies :  

(1) Computation of node voltages and branch cur ren ts .  
(2) Frequency response ana lys i s .  
(3) Trans i e n t  ana lys i s .  
(4) Perf  onnance ana lys i s .  

Fluid Mechanics -- These programs a r e  pr imari ly  concerned with  f l u i d  flow - -  
(both compressible and i rcanpress ib le )  i n  mechanical systems. The main c l a s s i -  
r i c a t i o n  of these  prt-grams a re :  

( I )  Pred! ?+ion  of flow d i s t r i b u t i o n  i n  piping ~ ~ s t e r n s .  
(2)  Or i f tce  s i z i n g  t o  achieve desi red steady s t a t e  flow rates. 
(3) Heat exchanger a- a Iys  is. 
(4) In t e r f ace  mass i rans fe r .  
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S t r u c t u r a l  -- There  a r e  s e v e r a l  programs a v a i l a b l e  i n  t h i s  
a r e a ,  and t h e y  c a n  be c a t e g o r i z e d  as  f o l l o w s :  

( I )  A n a l y s i s  of s h e l l s  of r e v o l u t i o n  (e .  g ,  , c y l i n d e r s  and c o n e s )  
t o  de te rmine  bending under l o a d i n g  ( o r  p r e s s u r i z a t i o n )  and 
t o  de te rmine  s t r e n g t h .  

(2)  A n a l y s i s  of  l o a d i n g  of  beams, columns,  f l a t  p l a t e s ,  e t c .  
( 3 )  V i b r a t i o n  a n a l y s i s ,  
(4) S t r e s s  a n a l y s i s  f o r  v a r i o u s  mechan ica l  c o n f i g u r a t i o n s  under  l o a d i n g  

c o n d i t i o n s .  

There  a r e  a t  l e a s t  two programs of  s u f f i c i e n t  f l e x i b i l i t y  t o  a l l o w  t h e  u s e r  
t o  s e l e c t  a  v a r i e t y  of e l ements  which can  be i n t e r c o n n e c t e d  t o  form a  d e s i r e d  
composi te  s t r u c t u r e .  The programs t h e n  compute e q u i l i b r i u m ,  s t r e s s  a t  v a r i o u s  
p o i n t s ,  d e f l e c t i o n s  a t  v a r i o u s  p o i n t s ,  e t c ,  

-- There a r e  ve ry  few programs of  t h i s  n a t u r e .  T y p i c a l  
a r e  programs f o r  t h e  f o l l o w i n g :  

(1 )  D i g i t a l  f i l t e r i n g .  
(2)  Data  c o n d i t i o n i n g .  
( 3 )  D i g i t a l  image p r o c e s s i n g .  

-- There a r e  two g e n e r a l  c l a s s e s  of o p t i m i z a t i o n  
programs a v a i l a b l e .  

(1)  O p t i m i z a t i o n  programs of  a g e n e r a l  n a t u r e  (e .  g ,  , maximizing 
o r  minimizing a f u n c t i o n  s u b j e c t  t o  a  number of c o n s t r a i n t s ) .  

(2) O p t i m i z a t i o n  programs developed f o r  a s p e c i f i c  purpose which 
p o s s i b l y  have b roader  a p p l i c a t i o n ,  Examples of t h i s  t y p e  a r e :  

( a )  Min imiza t ion  of d r a g  on a n  a r b i t r a r y  p l a t f o r m ,  
(b) E l e c t r i c a l  t r a n s f o r m e r  d e s i g n  o p t i m i z a t i o n ,  
( c )  Optimal t r a j e c t o r y  t r a n s f e r  f o r  minimal p r o p e l l a n t  c o n s m p t i o n ,  
( d )  Optimum i n v e n t o r y  s i z e  based upon t ime v a r y i n g  d e s c r i p t i o n  

of t h e  behav io r  of t h e  i n v e n t o r y  l e v e l  d u r i n g  wi thdrawal  
and r e p l e n i s h i n g  p r o c e s s e s ,  

5 .1 .7  S u m a r y  of C u r r e n t  A c t i v i t i e s  i n  Sof tware  T r a n s f e r  

A l a r g e  p a r t  of t h e  t eamPs  e f f o r t s  t o  t h i s  p o i n t  h a s  been 
expended i n  g i v i n g  f o m  t o  t h e  o r i g i n a l  somewhat amorphous concept  of s o f t w a r e  
t r a n s f e r ,  With t h i s  model, t h e  team is  now p r o c e s s i n g  v a r i o u s  computer- 
r e l a t e d  b iomedica l  problems, I n  e f f e c t ,  our  i n v e s t i g a t i o n  h a s  been completed 
and we a r e  i n  t h e  o p e r a t i o n a l  phase ,  p r o c e s s i n g  t h e  f i r s t  s e t  s f  s o f t w a r e  
problems. 

Because s f  the  size of  t h e  NASA s t r u c t u r a l  program, NASTMN, it would be 



a  Type I t r a n s f e r ,  a t  l e a s t  I n i t i a l l y ,  The team has d i s c u s s e d  NASTUN'S 
c a p a b i l i t i e s  w i t h  some of  t h e  c o n t a c t s  made i n  t h i s  i n v e s t i g a t i o n  and 
h a s  two d i f f e r e n t  p o s s i b l e  l e a d s  t o  f u t u r e  MASTRAN u s e r s ,  

D r .  John J u s t i c e  of t h e  U n i v e r s i t y  of Wisconsin has  expressed  i n t e r e s t  
i n  NASTRAN f o r  h i s  r e s e a r c h  on v i b r a t o r y  p r o p e r t i e s  of long bones.  The 
team i s  p r e s e n t l y  look ing  i n t o  procedures  t o  f o l l o w  i n  t h i s  c a s e ,  b u t  
NASTRAN has  n o t  y e t  been r e l e a s e d  t o  t h e  p u b l i c .  Also  t h e  Midwest Research 
I n s t i t u t e  MTeam i s  a l r e a d y  working w i t h  D r .  John Cameron, U n i v e r s i t y  
of Wisconsin,  who is  t h e  p r i n c i p a l  i n v e s t i g a t o r  f o r  t h e  g r a n t  which i s  
s u p p o r t i n g  D r .  J u s t i c e ' s  r e s e a r c h .  These a r e  merely  d e t a i l s  however which 
should be easy  enough t o  work o u t .  

D r .  Theo C .  P i l k i n g t o n ,  Duke U n i v e r s i t y ,  has  agreed t o  e v a l u a t e  NASTRAN's 
p o t e n t i a l .  D r .  P i l k i n g t o n  i s  a c q u a i n t e d  w i t h  s e v e r a l  people  do ing  biometries 
and human s t r u c t u r a l  a n a l y s i s  r e s e a r c h  a t  d i f f e r e n t  l o c a t i o n s  i n  t h e  c o u n t r y  
and can  a d v i s e  t h e  team of t h e  most promising NASTRAN u s e r s .  

Problems CP-1 through CP-4 which were accep ted  d u r i n g  t h e  r e p o r t i n g  
p e r i o d  h a v e  r e s u l t e d  d i r e c t l y  from t h i s  i n v e s t i g a t i o n  of t h e  p o t e n t i a l  f o r  
a p p l y i n g  NASA s o f t w a r e  i n  medicine .  The problem code CP i n d i c a t e s  s imply 
t h a t  t h e  problems a r e  computer - r e l a t e d  problems. Addi t  i o n a l l y ,  t h e  team 
i s  now i n  t h e  p r o c e s s  o f  d e f i n i n g  f i v e  o t h e r  compute r - re la ted  problems which 
a r e  n o t  r e p o r t e d  h e r e .  It is  t h e  concensus of t h e  BATeam t h a t  t h e  p r o b a b i l i t y  
o f  a c h i e v i n g  t r a n s f e r s  f o r  t h e s e  problems i s  c o n s i d e r a b l y  h i g h e r  t h a n  i s  t h e  c a s e  
w i t h  t h e  "average" problem i n v e s t i g a t e d  by t h e  team, Th is  s t a t e m e n t ,  of 
c o u r s e ,  remains t o  be v a l i d a t e d ,  It is  expected t h a t  a n  a c c u r a t e  and v a l i d  
assessment  o f  t h e  s u c c e s s  t o  be expected i n  Type I V  t r a n s f e r s  can be made 
w i t h i n  s i x  months. 



5.2 I n v e s t i g a t i o n  i n t o  P o s s i b i l i t y  of Establishment of 
BATeam-Industry Tnter face  

To eva lua t e  t h e  f e a s i b i l i t y  of BATeam p a r t i c i p a t i o n  i n  t h e  
t r a n s f e r  of NASA technology i n t o  p r i v a t e  i ndus t ry ,  RTI has  completed a 
prel iminary survey of t h e  biomedical ins t rumenta t ion  manufactures and 
i n i t i a t e d  t echn ica l  d i scuss ions  with u n i v e r s i t y  and i n d u s t r i a l  management 
s t a f f s ,  

To provide f u r t h e r  i n s i g h t  i n t o  the problems of  i n d u s t r i a l  product 
development and marketing of medical equipment, the  BATeam v i s i t e d  t h e  
I n s t i t u t e  of Science and Technology (IST) a t  t h e  Univers i ty  of Michigan. 
The I n d u s t r i a l  Development Divis ion of IST has developed s e v e r a l  seminars 
on i n d u s t r i a l  problems i n  medical instrumentat ion and has sponsored a 
Ph.D. d i s s e r t a t i o n  on "Constraints  t o  t h e  Development and Marketing of 
Medical E lec t ron ic  Equipment." [Ref.2] 

I n  conversat ions wi th  M r .  Don Smith, Ass is tan t  D i r e c t o r ,  I n d u s t r i a l  
Development Divis ion;  M r .  Ernie  S e l l e r s ,  Biomedical Research Engineering; 
Professor  Glen Edmunston, D i rec to r ,  Biomedical Engineering Program; and 
Professor  A 1  Swinyard, Associate  Dean, School of Business Administration; 
i t  was poss ib le  t o  h i g h l i g h t  s eve ra l  s i g n i f i c a n t  op in ions .  

There i s  a general  concensus among those interviewed a t  Michigan t h a t  
t h e  biomedical marketing problem i s  a s  d i f f i c u l t  a s ,  i f  n o t  more so than ,  any 
o t h e r  f i e l d  of i n d u s t r i a l  marketing. The marketing d i f f i c u l t i e s  a r e  r e l a t e d  
t o  s eve ra l  f a c t o r s :  

(1) The ins t rumenta t ion  requirements f o r  a given a r e a  of medical 
s p e c i a l i z a t i o n  cannot be charac te r ized  by an in t e rv i ew 
technique which samples a r ep re sen ta t ive  number of t he  medical 
populat ion.  

(2) New product acceptance i s  bes t  demonstrated by an 
experienced phys i c i an ' s  c l i n i c a l  r epo r t s  of i t s  
succes s fu l  app l i ca t ion .  

( 3 )  Only well-known and e s t ab l i shed  medical instrumentat ion 
companies can a t t r a c t  a phys ic ian ' s  a t t e n t i o n  t o  a 
new product .  

(4)  Sa les  personnel from es t ab l i shed  companies must have 
comprehensive engineering knowledge of the  product 
and i t s  p o t e n t i a l  medical app l i ca t ion .  



( 5 )  Small manufacturers o r  newly e s t ab l i shed  medical 
engineer ing  companies a r e  b e t t e r  advised t o  s e l l  t h e i r  
innovat ions t o  e s t a b l i s h e d  medical ins t rumenta t ion  
companies f o r  t h e i r  subsequent marketing. 

(6) The l a r g e r  more succes s fu l  companies market t h e i r  
product r eg iona l ly ,  no t  n a t i o n a l l y ,  and spend one t o  
two years  i n  product engineer ing  p r i o r  t o  market ing,  
They genera l ly  a n t i c i p a t e  recovering the cos t  of t he  
product engineering e f f o r t  i n  t h e  f i r s t  two t o  t h r e e  years  
a f t e r  i t  i s  placed on t h e  market. 

The conclusions of the  Michigan s tudy a r e  as  fol lows : 

F i r s t ,  an organiza t ion  having the  confidence of both doc tors  and indus t ry  
i s  needed t o  provide a  momentum t h a t  w i l l  improve present  and p o t e n t i a l  
markets f o r  medical e l e c t r o n i c  equipment. 

Second, t h e  doc tors  which appear t o  be most i n t e r e s t e d  i n  present  
and p o t e n t i a l  app l i ca t ions  of e l e c t r o n i c s  t o  medicine a r e  e i t h e r  medical 
r e sea rche r s  o r  c l i n i c i a n s  involved i n  s p e c i f i c  f i e l d s  such a s  cardiology,  
neurology, rad io logy ,  o r  anesthesiology.  

Thi rd ,  n a t i o n a l  symposiums have n o t  been an e f f e c t i v e  communications 
media between phys ic ians  and indus t ry  because of t h e  extremely d ive r se  
i n t e r e s t s  of engineers ,  the  medical p ro fe s s ion ,  and the  manufacturing and 
marketing o rgan iza t ions .  

Fourth,  and perhaps most impor tan t ,  is t h a t  the  l i m i t a t i o n s  
c u r t a i l i n g  medical e l e c t r o n i c s  development i s  not  i n  s c i e n t i f i c  technology, 
but  more probably i n  e f f e c t i v e  marketing techniques and improved medical 
engineer ing  communications. 

To provide an i n d u s t r i a l  viewpoint on t h e p t e n t i a i  app l i ca t ions  of 
aerospace technology, t he  BATeam met with the  bioengineering s t a f f  of t h e  
Becton-Dickinson Research Center i n  Raleigh, North Carol ina.  Discussions 
wi th  M r .  Matt Pe t rovick  and M r .  V ,  A. Pace were considered s i g n i f i c a n t  i n  
t h a t  Becton-Dickinson's research l abo ra to ry  represents  a  broad spectrum of 
biomedical i n t e r e s t s  i n  approximately 37 d i f f e r e n t  d iv i s ions  of t h e i r  
company, 

The Becton-Dickinson bioengineering s t a f f  conference suggested two 
poss ib l e  avenues f o r  technology t r a n s f e r s ,  One p o s s i b i l i t y  would be t o  
inc lude  Becton-Dickinson on an i n d u s t r i a l  d i s t r i b u t i o n  l i s t  f o r  a l l  BATeam 
t r a n s f e r s .  It i s  a n t i c i p a t e d  t h a t  Beckon-Dickinson (as  we l l  a s  o t h e r  
i n t e r e s t e d  companies) wouid review the  i i s t  of e r ans fe r s  f o r  areas  of 



i n t e r e s t  and p o t e n t i a l l y  marketable products .  A second avenue would be 
f o r  Becton-Dickinson t o  i d e n t i f y  problem a reas  c u r r e n t l y  undergoing 
product development. Becton-Dickinson would summarize t h e i r  problem 
a reas  i n  a n t i c i p a t i o n  of BATeam i n t e r e s t  and t h e i r  subsequent s ea rch  
through the  aerospace technology. In  e i t h e r  ca se ,  Becton-Dickinson would 
expect  t o  respond i n  w r i t i n g  t o  confirm those problems i n  which the  
t r a n s f e r  d a t a  was used a s  a p o t e n t i a l  s o l u t i o n .  

F i n a l l y ,  a l i s t i n g  of i n d u s t r i a l  manufacturers has been reviewed 
and those companies w i th  electromechanical  c a p a b i l i t i e s  and i n t e r e s t s  
h a v e k e n  i d e n t i f i e d  a s  having a high p r o b a b i l i t y  f o r  u t i l i z i n g  
aerospace technology, The l i s t  inc ludes  91  companies which have 
been separa ted  i n t o  18  s p e c i f i c  ins t rumenta t ion  a reas .  The r e s u l t s  
of t h i s  review a r e  a t tached  t o  t h i s  r epo r t  a s  Appendix E ,  

The information obta ined  t o  da t e  do n o t  i n d i c a t e  a workable mechanism 
f o r  t r a n s f e r r i n g  the  r e s u l t s  of NASA's BATeam program t o  manufacturers 
of medical products .  Poss ib ly  the  next  app ropr i a t e  s t e p  is t o  o b t a i n  
from indus t ry  a d d i t i o n a l  f a c t s  on new medical product development and 
marketing. A management survey of  a r e p r e s e n t a t i v e  sampling of  t h e  
compaines l i s t e d  i n  Appendix E could be conducted i n  approximately 
t h r e e  months. The r e s u l t s  of such a survey would c e r t a i n l y  i n d i c a t e  
whether e f f o r t  i n  t h i s  d i r e c t i o n  i s  warran ted , i f  i t  d id  n o t ,  i n  f a c t ,  
i n d i c a t e  poss ib l e  mechanisms f o r  t echn ica l  t r a n s f e r  t o  i ndus t ry  
i n  t h e  important a r ea  of medical equipment. 



5.3 I n v e s t i g a t i o n  o f  Biomedical A p p l i c a t i o n  Team 
Program Management Techniques 

5 . 3 . 1  I n t r o d u c t i o n  

Assuming t h a t  t h e  BATeam deve lops  i t s  problem s c r e e n i n g  
c a p a b i l i t i e s  t o  t h e  p o i n t  t h a t  t h e y  a r e  optimum and can no l o n g e r  be 
improved, problems w i l l  s t i l l  be accepted which cannot  be s o l v e d .  I n  t h e  
i n t e r e s t  o f  c o n t i n u a l l y  i n c r e a s i n g  t h e  team% e f f i c i e n c y  i n  terms of 
c o s t - b e n e f i t  r a t i o s ,  some method of  d e c i d i n g  when t o  t e r m i n a t e  e f f o r t s  t o  
s o l v e  a  problem i s  needed. S ince  t h e  BATem program i s a  f a i r l y  w e l l  
d e f i n e d  p r o c e s s  o f  i n f o r m a t i o n  t r a n s f e r  and problem s o l v i n g ,  a  reasonab le  
approach t o  deve lop ing  t h e  d e s i r e d  management t o o l s  would be t o  break t h e  
p r o c e s s  up i n t o  we l l -de f ined  types  of a c t i v i t i e s  and r e c o r d  t h e  man-hours 
r e q u i r e d  t o  complete t h e s e  a c t i v i t i e s  f o r  each problem i n v e s t i g a t e d .  
Fol lowing t h e  accumulat ion o f  a  s i g n i f i c a n t  amount o f  d a t a ,  i t  can be 
p o s t u a l t e d  t h a t  t h e  average  e f f o r t  r e q u i r e d  t o  complete t h e  v a r i o u s  
a c t i v i t i e s  invo lved  i n  accomplishing t r a n s f e r s  could  be used t o  make 
management d e c i s i o n s .  That i s ,  i f  t h e  e f f o r t  devoted t o ,  f o r  example, 
i n f o r m a t i o n  s e a r c h i n g  i n  a t t e m p t i n g  t o  s o l v e  an a c t i v e  problem exceeds 
t h e  average  e f f o r t  devoted t o  in format ion  s e a r c h i n g  i n  t h e  c a s e  o f  t r a n s f e r s ,  
t h e n  t h e  a c t i v e  problem should  be reviewed andxposs ib ly  c l o s e d .  

For approximately  two y e a r s ,  t h e  RTL team h a s  recorded  f o r  a l l  
problems i n v e s t i g a t e d  t h e  team e f f o r t  devoted t o  s i x  t y p e s  o f  a c t i v i t y .  
A p r e l i m i n a r y  a n a l y s i s  o f  t h e s e  d a t a  i n d i c a t e s  t h a t  a  model a s  s imple  a s  t h e  
one sugges ted  i n  t h e  p reced ing  paragraph i s  n o t  u s e f u l  a s  a  management 
t o o l .  The r e s u l t s  o f  t h i s  a n a l y s i s  a r e  p r e s e n t e d  i n  F igure  3 .  The s i x  
t y p e s  o f  a c t i v i t y  used i n  r e c o r d i n g  team e f f o r t  a r e  g iven i n  t h e  f i g u r e  
Average e f f o r t  i n  man-hours i s  shown f o r  each a c t i v i t y  f o r  a l l  problems, 
c l o s e d  problems, a c t i v e  problems, and problems r e s u l t i n g  i n  t r a n s f e r s .  
Note i n  p a r t i c u l a r  t h a t  t h e  average e f f o r t s  f o r  c l o s e d  problems and f o r  
t r a n s f e r s  do n o t  d i f f e r  s i g n i f i c a n t l y  i n  t h e  e a r l y  s t a g e s  of t h e  t r a n s f e r  
p r o c e s s .  

Th i s  r e s u l t  i n d i c a t e s  t h a t  a  more s o p h i s t i c a t e d  and complete 
a n a l y s i s  o f  t h e  d a t a  i s  r e q u i r e d ,  A t  p r e s e n t ,  t h e  BATeam w i t h  t h e  
assistance o f  RTI's S t a t i s t i c s  Research D i v i s i o n  is  i n i t i a t i n g  such an 
a n a l y s i s .  The d a t a  format  and t h e  a n a l y s i s  t echn ique  i s  exp la ined  i n  t h e  
f o l l o w i n g  paragraphs ,  

5.3.2 Ana lys i s  o f  Data 

The t o t a l  team-hours o f  e f f o r t  i s  c l a s s i f i e d  i n t o  v a r i o u s  
a c t i v i t y  types .  E a r l i e r  d a t a  g i v e  team-hours of e f f o r t  f o r  e i x  t y p e s  of 
a c t i v i t e s .  Data c o l l e c t e d  s i n c e  November 3.969 give team-hours of e f f o r t  
f o r  13  t y p e s  o f  a c t i v i t i e s .  Tbese d a t a  are c o l l e c t e d  every  week. For t h e  



A l l  Problems 

Closed Problems 

A c t i v e  Problems 

Problems R e s u l t i n g  
In  T r a n s f e r s  

Problem Informat ion  Problem E v a l u a t i o n  Follow-up Documentation 
I d e n t i f i c a t i o n  Search A b s t r a c t  

F igure  3. Average number o f  man-hours of e f f o r t  i n  d i f f e r e n t  phases  of a c t i v i t y  (based on 
2947.5 man-hours of e f f o r t ) .  



purpose  of t h i s  s t u d y ,  we s h a l l  o n l y  c o n s i d e r  t h e  d a t a  r e l a t i n g  t o  
completed p r o j e c t s  and c o n s t r u c t  a  t a b l e  such a s  t h a t  i n  F i g u r e  4 f o r  
t h e  t o t a l  hours  s p e n t  i n  each a c t i v i t y  f o r  completed problem i n v e s t i g a t i o n s .  

The o b j e c t i v e  of t h e  a n a l y s i s  i s  t o  use  t h e  d a t a  t o  devlop management 
t o o l s  t o  p l a n  and c o n t r o l  f u t u r e  a c t i v i t i e s ,  

The f i r s t  s t e p  i n  t h e  a n a l y s i s  w i l l  be t o  de te rmine  i f  (and how), on 
t h e  b a s i s  o f  t h e  d i s t r i b u t i o n  o f  t o t a l  man-hours among t h e  v a r i o u s  a c t i v i t y  
t y p e s ,  t h e  completed problems can be subd iv ided  i n t o  groups ( c l u s t e r s )  
h a v i n g  s i m i l a r  such d i s t r i b u t i o n s ,  S i n c e  problems w i t h  t h e  t o t a l  man-hours 
c l a s s i f i e d  i n t o  1 3  c a t e g o r i e s  of e f f o r t  a r e  a v a i l a b l e  on ly  f o r  a s h o r t  
p e r i o d  as compared t o  problems w i t h  t o t a l  man-hours c l a s s i f i e d  i n t o  s i x  
c a t e g o r i e s ,  t h e  13-category d a t a  w i l l  be reduced t o  t h e  s i x  c a t e g o r i e s  used 
e a r l i e r .  For t h e  purpose  o f  t h i s  a n a l y s i s ,  each  completed p r o j e c t  can be 
c o n s i d e r e d  as a  v e c t o r  o f  s i x  components, The s i x  components o f  a v e c t o r  
can e i t h e r  be t h e  a c t u a l  h o u r s  o f  e f f o r t  f o r  each a c t i v i t y  o r  t h e  p r o p o r t i o n  
of  t o t a l  t ime s p e n t  on each a c t i v i t y ,  Tile problems w i l l  t h e n  be grouped, 
u s i n g  a c l u s t e r  a n a l y s i s  p rocedure ,  For purposes  o f  comparison,  
t h e  problems w i l l  a l s o  be s u b j e c t i v e l y  grouped on t h e  b a s i s  of e x p e r i e n c e  
and o t h e r  c o n s i d e r a t i o n s .  The r e s u l t  o f  t h i s  f i r s t  s t e p  w i l l  be a  number 
o f  c a t e g o r i e s  i n t o  which problems may f a l l  and d ~ i c h  may be r e d e f i n e d  a s  
t h e  a n a l y s e s  proceed and more e x p e r i e n c e  i s  ga ined ,  Out o f  a l l  
t h e s e  d i f f e r e n t  t y p e s  o f  g roup ings ,  we w i l l  s e l e c t  one t y p e  o f  grouping 
f o r  f u r t h e r  a n a l y s i s .  

The n e x t  s t e p  w i l l  b e  t o  d e f i n e ,  f o r  each problem c a t e g o r y ,  a  "norm" 
d i s t r i b u t i o n  of man-hours by a c t i v i t y  type ;  each such d i s t r i b u t i o n  w i l l  
s p e c i f y  t h e  p r o p o r t i o n  of t o t a l  a n t i c i p a t e d  man-hours t o  be  s p e n t  i n  each 
a c t i v i t y  type .  U l t i m a t e l y ,  i n  p r a c t i c e ,  a problem w i l l  be  c a t e g o r i z e d  
Et ' ; a s  work proceeds  on t h e  problem, r e c o r d s  w i l l  be  k e p t  of t h e  
man-hours s p e n t  i n  t h e  v a r i o u s  a c t i v i t y  types, Shoold t h e  a p p r o p r i a t e  
norm v a l u e  be exceeded, then  a d e c i s i o n  t o  s t o p  work on t h e  problem may be  
made, For some problems, however, t h e  b e n e f i t s  o f  a  s o % u t i o n  may b e  
s u f f i c i e n t  t o  j u s t i f y  c o n t i n u i n g  on, even though a norm i s  exceeded. Con- 
s e q u e n t l y ,  a s  p a r t  of t h e  o v e r a l l  procedure  u l t i m a t e l y  c o n s t r u c t e d ,  a  
d e c i s i o n  r u l e  which b a l a n c e s  t h e  b e n e f i t  o f  a s o l u t i o n  a g a i n s t  t h e  c o s t  
shou ld  b e  inc luded .  T h i s  i s  a  f e a t u r e  t o  be pu t  i n  a t  a f a i r l y  l a t e  
s t a g e  i n  t h e  p rocess  ;however ,  t h e  a c t i v i t y  p r e s e n t l y  t o  b e  under taken i s  
t h e  c l u s t e r  a n a l y s i s  d e s c r i b e d  i n  the preced  i-rzg pa ragraph  . 







6-0 PRESENTATIONS AND V I S I T S  TO NASA FIELD CENTERS 

6,1 Presentations 

During the reporting period, the RTI BATeam made four preeenta- 
tions on the NASA BATeam program, These four presentations are summarized 
in the following paragraphs, 

On September 24, 1969, Dr. F, T, Wooten made a presentation on the 
Biomedical Application Team to the North Carolina Governor's Committee on 
Employment of the Handicapped. The meeting, in Greensboro, N. C., was 
attended by 325 business and professional leaders in the state. The team 
contacted Mr. James Wiggins, Technology Utilization Officer at Marshall 
Space Flight Center, who suggested that he send Mr. John Graham to 
demonstrate the sight switch discussed in NASA Tech Brief 65-10079. The 
presentation was well received. 

On October 10, 1969, the team assisted Hr, James T. Richards, NASA, 
Technology Utilization Division, in a presentation to the North Carolina 
Rehabilitation Association Annual Meeting in Winston-Salem, North Carolina. 
The presentation, introduced by Congressman William Mizell, consisted of 
talks by Mr. Richards and Dr, Wooten, a movie prepared by NASA Headquarters, 
and a live demonstration of the sight switch and wheel chain by Mr. John 
Graham of Marshall Space Flight Center, 

Mr. Ernest Harrison made a presentation entitled "The Biomedical 
Application Team Program - An Experiment in Active Technology Transfer" 
at an IEEE Section meeting in Portsmouth, Virginia, on November 18, 1969. 

On March 19, 1970, Dr. Wooten made a presentation to the Instrumentation 
Division of Ames Research Center, Moffett Field, California, 

6.2 Visits to NASA Field Centers 

October 7, 1969: Marshall Space Plight Center -- Received overview of 
center's operations and talked to personnel in Astrionics Division and Non- 
Destructive Testing Area, 

Team Members -- Dr, Wooten and Dr, Hayne 

November 13, 1969: Marshall Space P l i g h t  Center -- Very productive 
discussions with Dr, Krause,Messrs, Andrew Elirzer and Jean Bond on WF-69. Transfer 
resulted, 

Team Member -- Mr. Harrison 



November I d ,  1969: Langley Research Center  -- V i s i t e d  Langley t o  s e e  t h e  - 
complex c o o r d i n a t o r  and de te rmine  i t s  c h a r a c t e r i s t i c s  f o r  f u t u r e  a p p l i c a t i o n  
t o  t h e  BATeam program. Complex c o o r d i n a t o r  was e v e n t u a l l y  used b y - 6 r ,  
Wooten on AP-1 i n  Technology A p p l i c a t i o n  Team program. Discussed s e v e r a l  
r e c e n t  r e s p o n s e s  on IW-17 w i t h  M r .  John Samos, 

Team Member -- Mr. H a r r i s o n  

March 1 7 ,  1970: Jet P r o p u l s i o n  Laboratory  -- Received overview of c e n t e r ' s  
o p e r a t i o n s  and d i s c u s s e d  s p e c i f i c  problems NCI-4 and NCI-3, 

Team Member -- D r .  Wooten 

March 18,  1970: F l i g h t  Research Center  -- Received overview of c e n t e r ' s  
o p e r a t i o n s .  Discussed problem s t a t e m e n t s  w i t h  Technology Review Board. 
V i s i t e d  Biomedical  Programs O f f i c e .  

Team Member -- D r .  Wooten 

March 19-20, 1970: A m e s  Research Center  -- Received overview of c e n t e r ' s  
o p e r a t i o n s .  Discussed s p e c i f i c  p r o j e c t s  i n  I n s t r u m e n t a t i o n  D i v i s i o n .  

Team Member -- D r .  Wooten 

March 1 9 ,  1970: E l e c t r o n i c s  Research Center  -- M r .  Fred Hi l lsman 
demonstra ted t h e  NASA oculometer .  It c l e a r l y  w i l l  s o l v e  problem I=--22 bu t  
t h e  major  d i f f i c u l t y  i s  g e t t i n g  a  u n i t  i n t o  t h e  r e s e a r c h e r ' s  hands. 

Team Member -- M r ,  Har r i son  

March 31,  1970: Manned S p a c e c r a f t  Center  -- V i s i t e d  c e n t e r  t o  pick-up 
impedance p n e u ~ o g r a p h  hardware from Crew Systems D i v i s i o n  f o r  problem TU-2 
problem o r i g i n a t o r ,  Received b r i e f i n g  on programs i n  Crew Systems D i v i s i o n .  
Also r e c e i v e d  overview of c e n t e r  from M r ,  Sack Wheeler, 

Team Member -- Dr, Wooten 

6-3 Contac t s  wi th  NASA F i e l d  Cen te r s  

One of t h e  most c r i t i c a l  a s p e c t s  of a  success fu l .  BATeam program 
concerns  team i n t e r a c t i o n s  w i t h  NASA F i e l d  Cen te r s ,  Much of t h e  v a l u a b l e  
i n f o r m a t i o n  used by t h e  teams does  n o t  appear  i n  i n f o r m a t i o n  s e a r c h e s  and 
rnust be  o b t a i n e d  through i n t e r a c t i o n  w i t h  t h e  c e n t e r s ,  I n  o rder  t o  o p t i m i z e  
t h i s  i n t e r a c t i o n ,  t h e  KT1 BRTeam analyzed t h e  problems a s s o c i a t e d  w i t h  t h e  
c e n t e r  c a n t a c k s  and proposed s o l u t i o n s  t o  t h e s e  problems, 



7 .0  CONCLUSIONS AND RECOMMENDATIONS 

The c o n c l u s i o n s  and recommendations r e s u l t i n g  from a c t i v i t i e s  o f  
t h e  RTI Biomedical  A p p l i c a t i o n  Team and from a n a l y s e s  of these a c t i v i t i e s  
f o r  the p e r i o d  from 1 5  September 1969 t o  1 4  March 1970 a r e  p r e s e n t e d  i n  
t h e  fo l lowing  paragraphs .  

Concerning t h e  d e f i n i t i o n  of technology t r a n s f e r s ,  i t  h a s  been 
concluded t h a t  t h e  BATeam program should  adop t  t h e  r a t h e r  s t r i n g e n t  
de f in i t ion  used i n  t h e  I n t r o d u c t i o n  t o  t h i s  r e p o r t .  Th i s  d e f i n i t i o n  shou ld  
be  r i g o r o u s l y  a p p l i e d  f o r  two reasons .  F i r s t ,  t h e  r i g o r o u s  a p p l i c a t i o n  
of t h i s  t r a n s f e r  d e f i n i t i o n  w i l l  i n c r e a s e  t h e  team's  emphasis on accomplishing 
more meaningful  t r a n s f e r s  of i n f o r m a t i o n  and upon a t t e m p t i n g  t r a n s f e r s  
which i n v o l v e  new a p p l i c a t i o n s  of a e r o s p a c e  technology and n o t  s imply t h e  
d i f f u s i o n  of technology.  Second, and e q u a l l y  i m p o r t a n t ,  adop t ing  t h i s  
d e f i n i t i o n  w i l l  f a c i l i t a t e  c l a r i f y i n g  t h e  o b j e c t i v e  of t h i s  program t o  a l l  
i n d i v i d u a l s  exposed t o  t h e  program and i n  p a r t i c u l a r  problem o r i g i n a t o r s .  

It i s  recommended t h a t  impacts  a s  d e f i n e d  i n  t h i s  r e p o r t  b e  adopted 
a s  a l e g i t i m a t e  and b e n e f i c i a l  o u t p u t  of t h e  BATeam program. Th is  w i l l  a l l o w  
a g r e a t e r  number of c a s e s  i n v o l v i n g  t h e  b e n e f i c i a l  t r a n s f e r  of i n f o r m a t i o n  
t o  t h e  medica l  f i e l d s  t o  be  documented. Impacts ,  however, must n o t  appear  
t o  t e a m  members o r  problem o r i g i n a t o r s  t o  be t h e  o b j e c t i v e  of t h e  Biomedical  
A p p l i c a t i o n  Team program. 

Of t h e  8 s i g n i f i c a n t  t r a n s f e r s  of 11 documented i n  t h i s  r e p o r t ,  5  
invo lved  d i r e c t  c o n t a c t  between members of t h e  BATeam and NASA F i e l d  Center  
pe rsonne l  o r  NASA c o n t r a c t o r  pe rsonne l .  Thus, i t  i s  c l e a r  t h a t ,  due t o  t h e  
importance of be ing  a b l e  t o  c o n t a c t  i n d i v i d u a l s  involved i n  t h e  s p a c e  
program, t h e  teams must make every  e f f o r t  t o  i n s u r e  t h a t  t h i s  l i n e  of 
communication remains  open and e f f e c t i v e .  S p e c i f i c a l l y ,  i t  is  recommended 
t h a t  t h e  c i r c u l a t i o n  of problem s t a t e m e n t s  be made a s  s e l e c t i v e  as p o s s i b l e  
b o t h  from t h e  s t a n d p o i n t  of problem s t a t e m e n t s  c i r c u l a t e d  and i n d i v i d u a l s  
t o  whom t h e s e  problem s t a t e m e n t s  a r e  c i r c u l a t e d ,  Th is  means t h a t  c i r c u l a t e d  
problem s t a t e m e n t s  must be  of h igh q u a l i t y  and should n o t  d u p l i c a t e  problems 
d e f i n e d  i n  p r e v i o u s l y  c i r c u l a t e d  s t a t e m e n t s .  Th i s  a l s o  means t h a t  t h e  
teams should a t t e m p t  t o  i n s u r e  t h a t ,  when a  problem s t a t e m e n t  i s  c i r c u l a t e d  
t o  a n  i n d i v i d u a l ,  t h e  technology being sought  i s  i n  f a c t  r e l a t e d  i n  some 
way t o  t h e  e x p e r i e n c e  o r  p r e s e n t  a c t i v i t i e s  of t h a t  i n d i v i d u a l .  A d d i t i o n a l l y ,  
i t  is  recommended t h a t  Technology U t i l i z a t i o n  O f f i c e  s t a f f  be  i n c r e a s e d  s o  
t h a t  t h e  o f f i c e s  can more e f f e c t i v e l y  h a n d l e  t h e  work l o a d  r e p r e s e n t e d  by 
t h e  BATeam and TATeam problem s t a t e m e n t s .  Th i s  i n c r e a s e  i n  TUO s t a f f  could  
come from t h e  F i e l d  Cen te r s  o r  t o  a  c e r t a i n  e x t e n t  be e f f e c t e d  by BATeam 
and TATeam members. F i n a l l y ,  i t  i s  recommended t h a t  t h e  teams i n t e g r a t e  and 
c o o r d i n a t e  p l a n s  f o r  v i s i t i n g  F i e l d  Cen te r s  i n  o r d e r  t o  op t imize  t h e  v a l u e  
of t h e s e  v i s i t s  w i t h i n  t h e  c o n t e x t  of t h e  e n t i r e  BATeam program. 



These a r e  e l e v e n  NASA F i e l d  C e n t e r s  s t a f f e d  by over  18,000 e n g i n e e r s  
and s c i e n t i s t s .  A q u i c k  a c c e s s  t o  t h i s  t e c h n i c a l  e x p e r t i s e  i s  a  n e c e s s a r y  
p a r t  of an e f f e c t i v e  BATeam program, During t h e  p a s t  f o u r  y e a r s  t h e  s t a n d a r d  
method f o r  c e n t e r  c o n t a c t s  has  been t h e  c i r c u l a t i o n  of problem s t a t e m e n t s  t o  
t h e  i n d i v i d u a l s  a t  t h e  c e n t e r s .  Th i s  broad d i s t r i b u t i o n  of problem s t a t e m e n t s  
i s  e f f e c t i v e  on a  s m a l l  s c a l e ,  b u t  a s  t h e  number of teams h a s  r a p i d l y  
i n c r e a s e d ,  t h e  Technology U t i l i z a t i o n  O f f i c e r s  (TUOs) a t  t h e  c e n t e r s  have 
n o t  had t h e  manpower r e q u i r e d  t o  g i v e  c a r e f u l  c o n s i d e r a t i o n  t o  each s t a t e m e n t .  

To s o l v e  t h i s  problem, i t  i s  c l e a r  t h a t  a  more d i s c r e t e  problem s t a t e m e n t  
d i s t r i b u t i o n  i s  r e q u i r e d .  I n  o r d e r  t o  accomplish t h i s  g o a l ,  s e v e r a l  t o o l s  
can be  used.  F i r s t ,  t h e  computer s e a r c h  p rov ides  some i n s i g h t  i n t o  c e n t e r  
a c t i v i t i e s .  Second, t h e  NASA Program Diges t  p r o v i d e s  a n  even b e t t e r  
i d e n t i f i c a t i o n  of NASA personne l .  

The t h i r d  approach h a s  been evo lv ing  d u r i n g  t h i s  p a s t  yea r  and promises 
t o  be  t h e  most e f f e c t i v e .  Th is  approach i n v o l v e s  team v i s i t s  t o  t h e  c e n t e r s  
t o  g a i n  a  b e t t e r  unders tand ing  of c e n t e r  a c t i v i t i e s  s o  t h a t  problem s t a t e m e n t s  
c a n  be  s e n t  t o  on ly  t h o s e  c e n t e r s  w i t h  h i g h  p r o b a b i l i t i e s  of responding,  
I t  i s  c l e a r ,  of c o u r s e ,  t h a t  s h o r t  v i s i t s  t o  NASA F i e l d  Cen te r s  cannot  make 
t h e  team aware of t h e  many s p e c i f i c  p r o j e c t s  of i n t e r e s t ,  However, t h e  
v i s i t s  w i l l  make t h e  teams aware o f  g e n e r a l  program a c t i v i t i e s  and t h e n  
c o n t a c t s  can  b e  d i r e c t e d  by t h i s  awareness .  

Thus, t h e  team p l a n s  more d i r e c t  c o n t a c t s  w i t h  t h e  NASA F i e l d  Cen te r s ;  
t h e r e f o r e ,  t o  meet t h i s  g o a l  v i s i t s  have a l r e a d y  been made t o  seven of t h e  
f i e l d  c e n t e r s .  Th i s  e f f o r t  i s  t ime consuming and must be c a r e f u l l y  planned 
t o  o p t i m i z e  t h e  time f o r  t h e  BATeam member a s  w e l l  a s  c e n t e r  p e r s o n n e l ,  

Another b e n e f i t  of t h e s e  v i s i t s  i s  t h a t  they  r e s u l t  i n  a  g r e a t e r  
awareness of t h e  BATeam program among c e n t e r  p e r s o n n e l ,  For example, d u r i n g  
t h e  v i s i t  t o  Ames Research Center  a  seminar was h e l d  f o r  t h e  I n s t r u m e n t a t i o n  
D i v i s i o n .  The fo l lowing  day a  NASA s t a f f  member v i s i t e d  t h e  TUO and asked 
f o r  c o p i e s  of a l l  problem s t a t e m e n t s .  Th i s  g e n e r a t i o n  of i n t e r e s t  i s  
p r e c i s e l y  one of t h e  r e s u l t s  d e s i r e d  i n  c e n t e r  v i s i t s ,  

I n  a d d i t i o n  t o  g a i n i n g  a g e n e r a l  program u n d e r s t a n d i n g ,  s p e c i f i c  
p r o j e c t s  of i n t e r e s t  o f t e n  a r e  p r e s e n t e d  d u r i n g  t h e s e  v i s i t s .  For example, 
a c t i v e  work on u l t r a s o n i c s  and oximetry  a t  A m e s  Research Center  had d i r e c t  
i n t e r e s t  f o r  r e s e a r c h e r s  a t  Tulane School of Medicine,  Another example 
occur red  d u r i n g  t h e  v i s i t  t o  Manned S p a c e c r a f t  Center  where i t  was l ea rned  
t h a t  a  j o i n t  p r o j e c t  on blood p r e s s u r e  measurement was underway between NASA 
and U s  S ,  A i r  Force ,  Th is  has  d i r e c t  r e l e v a n c e  t o  a  problem a t  t h e  N a t i o n a l  
Cancer i n s t i t u t e .  

Th i s  program of team v i s i t s  t o  t h e  c e n t e r s  could  r a p i d l y  become 
i n e f f e c t i v e  i f  a l l  teams d i d  t h i s  s imul taneous ly ,  T h e r e f o r e ,  t o  reduce 
the requirement  f o r  t r a v e l ,  good r e p o r t s  of t e a m  v i s i t s  must be 
c i r c u l a t e d  t o  a l l  teams, To meet t h i s  need,  trip reporzs on a l i  v i s i r s  
have heen c i r c u l a t e d  t o  a l l  teams. i t  i s  hoped t h a t  all tzams w i l l  r e c i p r o c a t e .  



During t h i s  r e p o r t i n g  p e r i o d ,  t h e  BATeam h a s  con t inued  t o  c l o s e  o r  
i n a c t i v a t e  r e l a t i v e l y  l a r g e  numbers of problems because  of v a r i o u s  
c o n d i t i o n s  which shou ld  have caused t h e s e  problems t o  be r e j e c t e d  a t  a n  
e a r l y  s t a g e  of t h e  t r a n s f e r  p r o c e s s ,  Thus, i t  is concluded t h a t  
a l though  "good" problem s e l e c t i o n  c r i t e r i a  have been de te rmined ,  they  have 
n o t  been e f f e c t i v e l y  a p p l i e d .  It i s  easy  t o  app ly  problem s e l e c t i o n  
c r i t e r i a  a t  new u s e r  i n s t i t u t i o n s ,  These c r i t e r i a  can be  exp la ined  t o  
c o n s u l t a n t s  and problem o r i g i n a t o r s  and,  a s  e x p e r i e n c e  a t  Tulane U n i v e r s i t y  
Medical  School h a s  shown, problem ~ r i g i n a t o r s  w i l l  themselves  do a f a i r l y  
e f f e c t i v e  job of s c r e e n i n g  problems. Th is  i n d i c a t e s  t h a t  t h e  teams should 
e s t a b l i s h  new u s e r  i n s t i t u t i o n s ,  i n  o r d e r  t o  g e n e r a l l y  i n c r e a s e  t h e  
p r o b a b i l i t y  of accomplishing t r a n s f e r s  through t h e  r i g o r o u s  a p p l i c a t i o n  
of problem s e l e c t i o n  c r i t e r i a .  

The RTI team, a s  w e l l  as o t h e r  BATeams, have r e c e n t l y  determined 
impact a r e a s  f o r  t h e  problems which a r e  be ing  i n v e s t i g a t e d  by a l l  teams. 
While t h i s  has  i n d i c a t e d  t h a t  t h e  teams a r e  i n  f a c t  working on problems i n  
impor tan t  a r e a s  of t h e  medica l  f i e l d ,  t h i s  h a s  n o t  involved t h e  e s t a b l i s h m e n t  
of p r i o r i t i e s  f o r  t h e s e  d i f f e r e n t  impact a r e a s ,  It  i s  recommended t h a t  
medica l  impact a r e a s  f o r  t h e s e  problems be  r e a l i s t i c a l l y  c o r r e l a t e d  w i t h  
p r e s e n t  and f u t u r e  n a t i o n a l  medica l  o b j e c t i v e s  i n  o r d e r  t o  a l l o w  t h e  teams 
t o  d i r e c t  t h e i r  e f f o r t s  t o  t h e  most important  technology problems i n  medicine .  
These n a t i o n a l  o b j e c t i v e s  and p r i o r i t i e s  could  be  e s t a b l i s h e d  (1 )  by 
s t u d y i n g  t h e  a l l o c a t i o n  of funds  w i t h i n  t h e  ilepartment of H e a l t h ,  Educat ion,  
and Welfare ,  ( 2 )  by making u s e  of t h e  c o l l e c t i v e  knowledge of a number of 
"knowledgeable i n d i v i d u a l s "  i n  medic ine ,  (3) through t h e  a p p l i c a t i o n  of t h e  
Delphi  approach,  o r  (4 )  by o t h e r  t e c h n i q u e s ,  It  h a s  been no ted  by a  number 
of i n d i v i d u a l s  i n c l u d i n g  t h e  D i r e c t o r  of N a t i o n a l  Environmental  Hea l th  
Sc ience  Cen te r ,  D r ,  C o t i n ,  t h a t  t h e  medica l  problems faced  by t h i s  n a t i o n  
i n  t e n  t o  twenty y e a r s  w i l l  b e  e n t i r e l y  d i f f e r e n t  from t h e  problems faced  
today,  Thus, when one c o n s i d e r s  t h e  r e l a t i v e l y  long t ime r e q u i r e d  t o  e f f e c t  
t h e  adop t ion  of new technology i n  medic ine ,  i t  i s  impor tan t  t h a t  one look  
t o  t h e  f u t u r e  i n  de te rmin ing  important  t d r g e t  areas f o r  technology t r a n s f e r ,  

A r e c e n t  s t u d y  by t h e  R T J  team itldicatees tirat. NP,SA-generated computer 
s o f t w a r e  can be  t r a n s f e r r e d  t o  app l ica t io : r s  in inedic ine ,  but i t  i s  l i k e l y  
t h a t  t h i s  t r a n s f e r  w i l l  n o t  be  d i r e c t ;  t i t a t  15, program documentation and 
mathemat ical  a l g o r i t h m s  a r e  more l i k e l y  to b e  t r a n s f e r r e d  than e n t i r e  computer 
programs. A d d i t i o n a l l y ,  i t  h a s  been concluded t h a ~  t h i s  t r a n s f e r  of computer 
s o f t w a r e  should be approached wi th  tlte same iiietiaodotogy t h a t  i s  p r e s e n t l y  
used by t h e  BATeams, It  i s  i m p o r t a n t ,  however, t h a t  dur ing  tire problem 
s e l e c t i o n  s t a g e  of t h e  p r o c e s s  some of t h e  unusua l  aspecLs of computer 
so f  tware  b e  k e p t  i n  mind, Addi t iona Lly , yrob te in  o r i g i n a t o r s  should  have 
g r e a t e r  i n p u t  i n  t h e  p r e p a r a t i o n  of probiem s t a t e m e n t s ,  

The exper ience  of t h e  teams in computer -Pnfom~at ion  s e a r c h i n g  h a s  
i n d i c a t e d  t h a t  many computer s e a r c h e s  are i l ~ c o m p l e t e  and,  f u r t h e r ,  t h a t  t h e  
r e s u l t s  of computer s e a r c h e s  a r e  h i g h l y  : , rnqxt iva  Lo s e a r c h  s t r a t e g i e s ,  
I n  d i s c u s s i o n s  w i t h  DP , W, Clingrriaii, Cl i r i r ~ n a r a  arid (,o, , D a l l a s ,  Texas, who 



i s  p r e s e n t l y  i n v e s t i g a t i n g  t h e  s u b j e c t  of computer s e a r c h  s t r a t e g i e s ,  
i t  h a s  been l e a r n e d  t h a t  i n  t h e  phi losophy of Regional  Dissemina t ion  
C e n t e r s  a  key f a c t o r  i s  r e l e v a n c e  r a t i o s  and numbers of c i t a t i o n s .  It  i s  
recommended t h a t ,  i n  computer s e a r c h i n g  f o r  t h e  BATeams, emphasis be  
p laced  upon completeness  of t h e  s e a r c h  a s  opposed t o  pe rcen tage  of r e l e v a n t  
documents. 

D i s c u s s i o n s  between t h e  BATeam and u n i v e r s i t y  and i n d u s t r y  management 
e x p e r t s  have i n d i c a t e d  t h a t  t h e r e  a r e  many c o n s t r a i n t s  on t h e  development 
and marke t ing  of medica l  equipment. Narke t ing  problems and n o t  t e c h n o l o g i c a l  
problems a r e  t h e  main b a r r i e r s  i n  i n t r o d u c i n g  s u c c e s s f u l  new m e d i c a l  
i n s t r u m e n t a t i o n  and equipment. A  sound approach t o  t h e  development of a n  
e f f e c t i v e  i n t e r f a c e  between t h e  BATeams and t h e  medica l  i n d u s t r y  h a s  n o t  
been i d e n t i f i e d .  It is recommended t h a t  a d d i t i o n a l  i n f o r m a t i o n  on t h e  
methods of new produc t  development and market ing i n  t h i s  i n d u s t r y  be  ob ta ined  
w i t h  t h e  o b j e c t i v e  of i d e n t i f y i n g  a n  e f f e c t i v e  BATeam-industry i n t e r f a c e  i n  
mind. 

F i n a l l y ,  i t  i s  recommended t h a t  t h e  d a t a  which h a s  been c o l l e c t e d  on 
t h e  e f f o r t  of t h e  BATeams i n  d i f f e r e n t  phases  of t h e  t r a n s f e r  p r o c e s s  b e  
ana lyzed  i n  o r d e r  t o  deve lop  e f f e c t i v e  management t echn iques  t o  be  used 
a t  b o t h  t h e  team and program l e v e l s .  P r e l i m i n a r y  a n a l y s i s  by t h e  RTI 
team i n d i c a t e s  t h a t  s imple  averag ing  t echn iques  w i l l  n o t  work. An a n a l y s i s  
h a s  been recommended i n  t h i s  r e p o r t  and is  p r e s e n t l y  underway which should 
shed c o n s i d e r a b l e  l i g h t  on how t h e  teams devo te  t h e i r  e f f o r t s  t o  s o l v i n g  
d i f f e r e n t  t y p e s  of problems. It i s  recommended t h a t  t h e  d a t a  which h a s  
been c o l l e c t e d  by a l l  t h r e e  BATeams be  analyzed i n  a  s i m i l a r  manner i n  o r d e r  
t o  make t h e  r e s u l t s  of t h i s  program s t u d y  more s i g n i f i c a n t .  
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A.1 Technoiogy T r a n s f e r  R e p o r t s  

T r a n s f e r  r e p o r t s  a r e  i n c l u d e d  f o r  t h e  following 11 t r a n s f e r s  accompl i shed  
d u r i n g  t h e  p e r i o d  September 1969 to March 1970: 

DU-45 

4 6 

IRSa-3 

7 

8 

2 0 

NCSU-6 

WP- 3 1 

3 3 

69 

VU-L 



RTI/DU-45 

"Lou V e l o c i t y  Ane~i~ometry" 

D r ,  Steven Vugei, Duke U n i v e r s i t y  

Team Member - Is, Thomas Wooten, Ph,D, 

Problem Acquired - March 1969 
T I  ans f  er  Made - Wovmber 1969 
Elapsed T i m e  - 8 Months 

t i o n  of Problem 

D r ,  Vogel i s  i n t e r e s t e d  i n  p a s s i v e  t a n p e r a t u r e  c o n t r o l  mechanisms i n  
b i o l o g y ,  In  p a r t i c u l a r ,  he is c o n ~ e r n e d  w i t h  t h e  p a s s i v e  t m p e r a t u r e  c o n t r o l  
used by t r e e  l e a v e s ,  It i s  w e l l  known, i n  t h e  f i e l d  of b i o l o g y ,  t h a t  l e a v e s  
have a h i g h  i n f r a r e d  r e f l e c t a n c e  i n  o r d e r  t o  m a i n t a i n  a r e l a t i v e l y  low 
t e m p e r a t u r e ,  I t  i s  a l s o  w e l l  known t h a t  &I-ae shape  of a l e a f  v a r i e s  from t o p  
t o  bottom of a  t r e e ,  D r ,  Vogel s u s p e c t s  t h a t  t h i s  shape  v a r i a t i o n  i s  r e l a t e d  
t o  a p a s s i v e  t m p e r a t u r e  c o n t r o l  mechanism, 

I n  o r d e r  ta check h i s  h y p o t h e s i s ,  h e  i s  measuring h e a t  d i s s i p a t i o n  o f  
vdrious shapes  of  s h e e t  me&al ,  Because h e a t  d i s s i p a t i o n  i s  a f u n c t i o n  of 
ambient wind v e l o c i t y ,  h e  makes h i s  measurmenks  i n  a Low-speed wind t u n n e l .  
iiis t e c h n o l o g i c a l  d i f f i c u l t y  a r i s e s  i n  measur ing wind v e l o c i t i e s  t h a t  a r e  
L Z S S  ellala 2 wph, D r ,  Vogel w rota lit L ike  informatiozl  on Low-speed anemometers, 

Ues 
--" 

i o n  of S o l u t i o n  

Conlputer Search No, 1609,  '"ow V e l o c i t y  Anenorrtetry , ' h a s  performed by 
t h e  Science and Technology Research Cen te r ,  Th is  search  d i s c l o s e d  17 a r t i c l e s  
- i i  i n t e r e s t  to t h e  problem originator, 

fhe  results o f  the search conf~:med the -esearcherPs o p i n i o n  that t h e  
L e s t  way t o  measure t h e  l o w  v e l o c 3 t i e s  st i n t e r e s r :  was u s i n g  h o t  wire 
cinanume"kets w h i c h  were  d i ~ ~ ~ r s s e d  in detail i n  h e  I7 art-Lcles of interest, 
~ l s ~ r r g  this iaal"omarfon t he  researcher designed sind bujLhi a. low v e l o c i t y  
aliexnomet el J%IE.I~CII was ue b L i  zed ira h i s  reseal ch, 

Successful S . ".."."""--"---.- .--, 

Computer search by Sc ience  and Techszrj%crgg Knse~ rc i - r  Center, 

f i t a i i r f  i r  u-; i n be Derived from Transf ea: 

q t f  .* ~1 ts t r anufc3r  has  enabled the researcher Lo corrdui:t his s t u d i e s  on 
- r3? 

t i - io i  i i r 3  6 - i e a l  passive temperature contra'. .rrrec,r~alil.sri~:+ a r . i ; ; ~ f ; i .  ~ci,iiii.e5 kii38ie x;o~:e 
t:L:irl zc ~ d ~ - ; ~ ~ ~ " _ i ; " ~ ~ ~ ~ ~  ?-on,-" d . . y . L . a ~ s ~  2f  tpl"e zqcpy r:.zyc, : - "q~"f  ~1!:217 i~ t i  ? V P Q  i> l?~~. i - i . re.  

i-,~.ii?j-7eriitirnre cor l t ro l  meck iazz jwns ,  The rel;i~.i"s c f  this resenci:kr wi:].?. adhi i-.o 
rhe grnw-ing halak of  knti'ir;.?&pe $1: t h i s  f f  e l .d ,  



T R A N S F E R  R E P O R T  

RTI/DU-46 
1 1  E l e c t r o d e  Mate r ia l  f o r  ~ a c e m a l c e r s ' ~  

D r .  James J .  M o r r i s ,  Duke U n i v e r s i t y  Medical  Center  

Team Member - F ,  Thomas Iilooten, Ph.D. 

Problem Acquired - March 1969 
T r a n s f e r  Made - September 1969 
Elapsed Time - 6 Months 

Pacemakers a r e  used t o  p rov ide  a  t iming and s t i m u l a t i o n  p u l s e  of 
e l e c t r i c a l  energy t o  a  f a i l i n g  h e a r t ,  The pacemaker u n i t s  c o n s i s t  of a  s m a l l  
power and c o n t r o l  s o u r c e  which is connected t o  t h e  h e a r t  by an e l e c t r i c a l  
l e a d .  One t y p e  of e l e c t r o d e  f o r  c o n t a c t i n g  t h e  h e a r t  w a l l  c o n s i s t s  o f  a  
h e l i c a l  c o i l  of  E l g i l o y  w i r e .  T h i s  e l e c t r o d e  m a t e r i a l  must be h i g h l y  
r e s i s t a n t  t o  f a t i g u e  because  of t h e  c o n s i d e r a b l e  movement of t h e  h e a r t  and 
t h e  f a c t  t h a t  t h e  h e a r t  b e a t s  about  4 x 107 t imes  p e r  y e a r ,  T h i s  e l e c t r o d e  
m a t e r i a l  must b e  implanted us ing  s u r g e r y ,  

Another approach f o r  p l a n t i n g  t h e  e l e c t r o d e  i n  t h e  h e a r t  w a l l  i s  t o  run  
a  f i n e  w i r e  ( 1  mm ) th rough  a  hypodermic n e e d l e ,  The end of t h e  w i r e  h a s  a  
s m a l l  ba rb  t h a t  f i t s  a g a i n s t  t h e  end of t h e  n e e d l e  which i s  put  through t h e  
c h e s t  w a l l  and i n t o  t h e  h e a r t ,  When t h e  n e e d l e  i s  withdrawn, t h e  barbed w i r e  
remains  i n  t h e  h e a r t .  The o t h e r  end of t h e  w i r e  i s  a t t a c h e d  t o  t h e  power and 
c o n t r o l  s o u r c e  which i s  p laced  o u t s i d e  t h e  body, T h i s  g e n e r a l  procedure  i s  
d e s i r a b l e  f o r  a l l  e l e c t r o d e  rimplanting because  i t  does  n o t  r e q u i r e  major  
s u r g e r y .  T h i s  procedure  i s  used f o r  emergencies o n l y  because  t h e  w i r e  w i l l  
b r e a k  s h o r t l y  due t o  f a t i g u e ,  The electrode and l e a d  m a t e r i a l  a r e  u s u a l l y  
E l g i l o y ,  bu t  b o t h  s t a i n l e s s  s t e e l  and p l a t i n m - i r i d i u m  have proven u n s a t i s -  
f a c t o r y .  However, adequa te  e l e c t r o d e  m a t e r i a l  must be found; t h e n  t h e  power 
and c o n t r o l  source  could  be p laced  under t h e  s k i n  a t  a l a t e r  d a t e .  

The r e s e a r c h e r  r e q u i r e s  an  e l e c t r o d e  m a t e r i a l  s u i t a b l e  f o r  implan t ing  by 
t h e  n e e d l e  method. T h i s  m a t e r i a l  should be capab le  of w i t h s t a n d i n g  t h e  
f a t i g u e  i n h e r e n t  i n  long-term (5 y e a r s )  irnplanCs and mast. be  compat ible  w i t h  
human t i s s u e .  

The s o l u t i o n  i n v o l v e s  t h e  u s e  of N i t i n o l  a l l o y ,  a  m a t e r i a l  w i t h  a  
mechanical  memory. I f  N i t i n o l  i s  annealed i n  a  p a r t i c u l a r  shape  and t h e n ,  
a f t e r  c o o l i n g ,  deformed, t h e  annealed shape can  be ob ta ined  s imply by h e a t i n g  
t h e  a l l o y  above t h e  c r i t i c a l  t a n p e r a t u r e ,  Th i s  c r i t i c a l  t empera tu re  can be 
a d j u s t e d  from -10oC t o  l O O O C  by changing t h e  a l l o y  c o n s t i t u e n t s .  

A N i t i n o l  w i r e  w i l l  be annealed i n t o  a c o i l e d  w i r e  c o n f i g u r a t i o n  w i t h  a  
h e l i c a l  c o i l  on t h e  end. T h i s  h e l i x  will be t h e  barb  c h a t  h o l d s  t h e  e l e c t r o d e  



i n  t h e  h e a r t  w a l l  and t h e  c o i l e d  wire  conf igura t ion  w i l l  reduce t h e  f a t i g u e  
problem, The c r i t i c a l  temperature of t h e  a l l o y  w i l l  be below body temperature 
and the wire  s t r a igh tened  and put through t h e  hypodermic needle ,  The need le  
w i l l  be placed through t h e  ches t  and h e a r t  w a l l ,  The need le  w i l l  be removed 
and a s  t h e  wire  is heated,  i t  w i l l  £ o m  t h e  permanent con f igu ra t ion ,  

N i t i a o l  has  e x c e l l e n t  f a t i g u e  p r o p e r t i e s  and t h e  b iocompa t ib i l i t y  is 
being determined by B a t t e l l e  Memorial I n s t i t u t e ,  Otherwise, t h e  m a t e r i a l  
appears  t o  have a l l  t h e  necessary requirements ,  

Successful  Searching Method - 
This  problem was c i r c u l a t e d  as a  Problem Abst rac t  t o  t h e  NASA Centers ,  

Numerous suggest ions were rece ived  from Lewis Research Center ,  J e t  Propulsion 
Laboratory, Marshal l  Space F l i g h t  Center ,  and t h e  AEC-NASA Space Nuclear 
Propulsion Off ice ,  Each suggest ion was discussed wi th  D r ,  Morris and t h e  
suggest ion s e l e c t e d  f o r  f u r t h e r  s tudy,  t h e  use  of H i t i n o l  a l l o y ,  was rece ived  
s imultaneously from D r ,  J, G, Fishe r  of J e t  Propulsion Laboratory, M r ,  D, J, 
F?inslow of Marshall  Space F l i g h t  Center,  and. M r ,  William Klopp of Lewis 
Research Center,  

The team contacted M r ,  W e  J, Buehler of t h e  Naval Ordnance Laboratory 
who suppl ied  a sample of t h i s  m a t e r i a l  f o r  prel iminary tests, M r ,  Buehler 
a l s o  agreed t o  make a  s p e c i a l  m e l t  of t h i s  a l l o y  t o  o b t a i n  t h e  p a r t i c u l a r  
c r i t i c a l  temperature requi red  f o r  t h i s  app l i ca t ion ,  

The team ac t ed  a s  a  c a t a l y s t  t o  br ing  D r ,  Howard Clark of t h e  Duke 
Biomedical Engineering Department and D r ,  Morris  t oge the r ,  D r ,  Clark w i l l  
supply t h e  necessary  engineering e x p e r t i s e  during the  f a b r i c a t i o n  phase of 
t h i s  p r o j e c t  , 

The team a l s o  suppl ied a  r e p o r t ,  NASA CR-1433 "Ni t ino l  Charac ter iza t ion  
StudyYg by Goodyear Aerospace Corporation, which desc r ibes  t h e  p r o p e r t i e s  of 
t h i s  m a t e r i a l ,  

D r ,  Harris and D r ,  Clark have now begun t h e  f a b r i c a t i o n  phase of t h e  
t e s t i n g  i n  t h i s  p r o j e c t  us ing  t h e  w i r e  suppl ied  by t h e  Naval Ordnance 
Laboratory, 

Bene f i t s  t o  be Derived from Transfer  ---- -- 
Pacemakers a r e  implanted i n  about 13,000 people per  year  i n  t h i s  

country,  A s  a  r e s u l t  of t h i s  t r a n s f e r ,  t h e  researcher  i s  s t a r t i n g  t h e  long 
s e r i e s  of t e s t s  necessary t o  v e r i f y  t h i s  m a t e r i a l  a s  a replacement f o r  t h e  
= i s t i n g  m a t e r i a l .  If t h e s e  tests a r e  successfu l ,  many people r#7f11 be  ab le  
t o  have pacemakers implanted by a  s imple  i n j e c t i o n  of a  hypodermic need le  
i n s t ead  of t h e  major surgery  now requi red ,  This w i l l  be a s i g n i f i c a n t  
advance i n  medical technology, 



T R A N S F E R  R E P O R T  

R T I / ~ R M - ~  

"An Improved S p i r a l  Brace1' 

M r .  H ,  Richard Lehne i s ,  I n s t i t u t e  of  R e h a b i l i t a t i o n  Medicine 

Team Member - E r n e s t  H a r r i s o n ,  Jr .  

Problem Acquired - A p r i l  1969 
T r a n s f e r  Made - January  1970 
Elapsed Time - 9  Months 

Researchers  a t  t h e  I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine have designed a  
s p i r a l  l e g  b r a c e  which is  p r o s t h e t i c a l l y  s imple  and f u n c t i o n a l l y  v e r y  
e f f e c t i v e .  U n f o r t u n a t e l y ,  t h e  l e g  b r a c e  a s  p r e s e n t l y  c o n s t r u c t e d  i s  s u b j e c t  
t o  breakage i n  a  s h o r t  t ime of use of approximately  t h r e e  months. The d e s i g n  
h a s  proven t o  b e  a  major  b reak through  and s o l v i n g  t h e  breakage problem would 
make t h e  b r a c e  a v a i l a b l e  t o  t h e  p u b l i c .  The b r a c e  i s  now c o n s t r u c t e d  of a  
m a t e r i a l  known a s  n y l o p l e x ,  which i s  a  c o l d  po lymer iza t ion  product  belonging 
t o  t h e  a c r y l i c  g l a s s  family .  The p r o p e r t i e s  of n y l o p l e x  a r e :  thcrmoformable,  
n o n r e a c t i v e  t o  o r g a n i c  s o l v e n t s ,  f l e x u r a l  modulus of approximately  7 x  105 p s i ,  
and a v a i l a b l e  commercially i n  v a r i o u s  s k e t i n g  t h i c k n e s s e s .  An improved 
m a t e r i a l  i s  d e s i r e d  which can w i t h s t a n d  t h e  c o n t i n u a l  f l e x i n g  r e q u i r e d  by t h e  
s p i r a l  b r a c e  wi thou t  breakage.  

D e s c r i ~ t i o n  of S o l u t i o n  

A f t e r  t h i s  problem had been i d e n t i f i e d  and p r e l i m i n a r y  s e a r c h i n g  had been 
accomplished,  t h e  problem was c l o s e d  because  i t  was thought  t h a t  t h e r e  was a  
s m a l l  p r o b a b i l i t y  of f i n d i n g  a  m a t e r i a l  t h a t  had been developed w i t h i n  NASA 
which cou ld  b e  s u c c e s s f u l l y  a p p l i e d  t o  t h i s  problem, Subsequent ly ,  t h e  problem 
was d i s c u s s e d  f u r t h e r  w i t h  t h e  r e s e a r c h e r  by the  team member, During t h e s e  
d i s c u s s i o n s ,  i t  was suggested t h a t  perhaps  t h e  m a t e r i a l  now used f o r  t h e  
b r a c e  could  be employed i f  t h e  p h y s i c a l  c o n f i g u r a t i o n  of t h e  b r a c e  w a s  
modi f i ed .  F u r t h e r  d i s c u s s i o n s  were h e l d ,  and a  modif ied b r a c e  d e s i g n  was 
sugges ted .  Th is  sugges t ion  was implemented, and a  b r a c e  w i t h  t h e  changed 
c o n f i g u r a t i o n  was f a b r i c a t e d .  The u n i t  i s  c u r r e n t l y  undergoing t e s t s .  Pre- 
l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  t h e  breakage p r o b l m  h a s  been e l i m i n a t e d  o r  a t  
l e a s t  s i g n i f i c a n t l y  reduced, 

Manual s e a r c h ,  

Source of S o l u t i o n  

The i n t e r f a c e  between eng ineer ing / technology  and t h e  biomedical  c o r n u n i t y  
provided by NASA i n  t h e  form of t h e  Blomedicai Application Team program was 
t h e  instreunent whereby t h i s  t r a n s f e r  was e f f ec t ed ,  



Bene f i t s  t o  be Derived from T r a n s f e r  

S o l u t i o n  of t h e  breakage problem w i l l  p e r m i t  t h e  w e  of t h e  s p i r a l  
b r a c e  i n  c l i n i c a l  p r a c t i c e  a t  t h e  I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine,  
Th is  b race  is  l i g h t e r ,  more comfor tab le ,  l e s s  expens ive ,  and c o s m e t i c a l l y  
more d e s i r a b l e  than  p r e v i o u s l y  used b r a c e s ,  t h u s  improving p a t i e n t  accep tance  
and lower ing  c o s t .  



'% A_Paai:eria.l for Use - i i r  Direct Corst;-?c.t w i t h  t h e  Blood 
Which Ex'i i ibr i ts Reduced Glot"irir1g Cbia.~:a.cte~-~.sti.cs" 

Mr, Myron Slotadin, 1a1stltr1ic.i c j f  K~i~ahi.l.it.i:itiurii Hedicine 

Team Menber - Ernest kiarrisofi, Jr ,  

Problem Acquired - April. 1969 
Transfer Made - Noverrtber 19619 
Elapsed Time - 7 Montlzs 

Descriotion of Pro'blem 

Mr, Youdin, a research scientist at the Institute of Rehabilitation 
Medicine (IRM) is collaborating with other researchers at IRM in the 
design of advanced biomedical instruci~entation and devices, One of the units 
which Mr, Youdin has designed is a peimanent-magnet blood FLo~nneter, The 
flowmeter is used on experimental dntmalg and is implanted by severing the 
blood vessel and placing the flowmeter in line with the blood vessel, Blood 
flowing through the blood vessel, consequently, flows through the  flometer 
body. Difficulties have been experienced wirh clottlrlg of the blood in the 
regiorls where the blood is direc"ciy exposed t o  the fiometea: body, Various 
materials, such as polystyrene, T e f l o n ,  a long  with a heparin coating on the 
inside of the Elo~meter body, have been tried experimentally with no con- 
sistent results, Long-term usefulness of the implantable blood flowmeter 
would be greatly enhanced if the body of the klomneter could be rendered 
resistant to clotting for long periods of time, 

Recent work w i t h  vitreous carbon i n d i c a t e s  " L h a t  this inaterial appears 
to meet the requirements of this prohieni ,  Vitreous carbon has been suceess- 
fully tested as a percutaneous lead material (a lead which passes through 
the skin of an animal) by Mr, J i m  Beusori of Biocarbtsn, Tarzana, California 
(formerly with North Aaievican Rockwell). A number of other experiments have 
been made by various I-esedrchers i n d i c a t i > r g  the bincompatibility of carbon 
materia~s,~ Others have enlployed c r r b o n  coatings on rrlaterials exposed to the 
blood in order to reduce clotting, 

ldr, Bensosl was contacted coriczrraing the p o t e n t i a l  use of vitreous 
carbon as applied to this probhern, He generously agreed to fabricate a 
vitreous carbon f l o e ~ m ~ t e r  body for use in experiment-al animals, 

P%r , Youdin is completing E a b s i  ed t lor1 of the ir L o ~ ~ ~ n ~ e t e r ,  Upon completion, 
the unit will be implanted in a dog t o  der;er*ni~acl whether long-term monitoring 
of blood f fow,  i~ibhout c l o t t i n g  o i  the i,lirod, cars h e  dcksieved, 

-- - - 
'R-7855, "~~csrar~iey c;r, Gioniedi a s i  App l trri T; To115 t i ;  C-c dtinl,'?i~ra Befisun, April 28, 

1969,  Nor th  Aznerican--.Rc>rktre3 1 Roc- ks rtlync Dl1j- i  s ion, Contract No, NAS8-5604, 



Manual. Search, 

Benefits to be Derived from Transfer 

Long-term monitoring of blood flow i s  very important in maray animal. 
experiments involving the cardiovascular system, The pe-manene-magnet bi30d 
flowmeter has great potential for providing this information srnce it can be 
used for long-term implantation once the materials problem with respect to 
blood clotting is solved. Conventional electromagnetic flowmeters require 
relatively large amounts of power to operate the e3eccrornagnets in the probe, 
Because of this power requirement, long-te-m implantation has n u t  been very 
practical, The permanent-magnet flowmeter with its lower power requirements 
can be implanted for relatively long periods, One of the significant 
advantages of this totally implantable blood flowmeter is that it can be 
used with active, unrestrained animals, an achievement hitherto extremely 
difficult to accomplish, 



' t o w  'fen~peraturc- Liabricatat f o r  t4icro~oraes" 

D r ,  Shakuntala  Chaube, Institute of  R e h a b i l i t a t i o n  Medicine 

'Team Menibex - Errrest H a r r i s o n ,  J r ,  

Problem Acquired - A p r i l  1969 
T r a n s f e r  Made - November 1969 
Elapsed Time - 7 Months 

Dr, Chaube i s  one member of a team a t  t h e  I n s t i t u t e  of R e h a b i l i t a t i o n  
Medicine (IRM) s t u d y i n g  t h e  c o n g e n i t a l  d i s e a s e  ~ p i n a  b i f i t l a  i n  c h i l d r e n ,  

b i f i d a  i s  a c o n g e n i t a l  d e f e c t  i a a  t h e  c l o s u r e  of t h e  sp ina l .  c a n a l ,  
I ts  c a u s e s  a r e  n o t  known, Recent s u r g i c a l  p rocedures  and h y p e r b a r i c  oxygen 
t h e r a p y  have prolonged t h e  L i f e  of p a t i e n t s ,  b u t  t h e y  s t j l l  r e q u i r e  an  
enormous amount of r e h a b i l i t a t i o n ,  t ime ,  and f a c i l i t i e s ,  

P a r t  of t h e  r e s e a r c h  i n  t h i s  a r e a  i r~vo lves  the i n j e c t i o n  of chemicals  
i n t o  exper imenta l  animals--in t h i s  c a s e ,  mice,  The mice a r e  t h e n  f r o z e n  
whole and t h i n  t i s s u e  s e c t i o n s  a r e  prepared f o r  s t u d y ,  I n  o r d e r  t o  s e c t i o n  
t h e  f r o z e n  mice,  i t  i s  n e c e s s a r y  t h a t  t h e  e n t i r e  microtome be o p e r a t e d  i n  a 
co ld  box, The conventionaJ l u b r i c a n t s  s u p p l i e d  w i t h  t h e  m i c r ~ t o m e  become 
s u f f i c i e n t l y  v i s c o u s  a t  t h e s e  t empera tu res  such t h a t  o p e r a t i o n  of t h e  
microtome becomes d i f f i c u l t  and performarrce i n  u n i f o m 2 y  p r e p a r i n g  t h i n  
s e c t i o n s  becomes e r r a t i c ,  A s  a resuPL, u s a b l e  t i s s u e  s e c t i o n s  a r e  extremely 
d i f f i c u l t  t o  p r e p a r e ,  The l u b r i c a n t  mus-c be u s e f u l  over  t h e  range -70°C t o  
4-80°c. 

S o l i d  f i l m  l u b r i c a n t s  ernployirlg molyhdenwa d i su l f i .de  a r e  d e s c r i b e d  i n  
a NASA SP-5059 doctunent, " "S l id  Lubr i c , z~ i t s , "  The s p e c i f i c a t i o n s  of t h e s e  
s o l i d  f i l m  l u b r i c a n t s  indicated their p o t e n t i a l  u s e f u l n e s s  i n  t h i s  a p p l i c a -  
t i o n ,  The commercial l i t e r a p u r e  on Lubrical l t s  was surveyed and a commercially 
a v a i l a b l e  molybdentzm d i s u l i i d e  s o l i d  f i l m  l u b s i e a t ~ c  was i d e n t i f i e d ,  The 
l u b r i c a n t ,  Bow Corning Spray-iCotct. bonded Lubr j  C ~ T Z L ~  v7as purchased by t h e  
r e s e a r c h e r  and a s e r i e s  of trials was  conducted, The microtome func t ioned  
very w e l l ,  and a c c e p t a b l e  t i s s u e  thin.  s e c t i o n s  were e a s i l y  o b t a i n e d ,  

It should be no ted  t h a t  t h i s  s o l u l  I O L I  i n  i d e n t i c a l  t o  t r a n s f e r  No, UNC-12; 
however, t h e  r e s e a r c h e r  i s  titorkirig 1 ~ 1  C I  ditferent f i e l d  of research, 

Maalual s e a r c h  o"rNASk ducwcneni" i t  i e s  d~ Ri;gluncik Dissemination Cente r ,  



Benefits t o  be Derived from T r a n s f e r  

The d i r e c t  b e n e f i t s  of t h e  t r a n s f e r  are that  he researcher can now 
easily obtain u s a b l e  t h i n  t i s s u e  sections, Prev ious ly ,  much professional 
and s u p p o r t  e f f o r t  b a s  been d i r e c t e d  toward trying L O  produce  acceptable 
sections, S i g n i f i c a n t  t i m e  s a v i n g s  i n  t h e  preparation of s e c t i o n s  have 
t h u s  been e f f e c t e d .  



T R A N S F E R  d E P O R T  

zrx/ INJ~-20 
I T  P r e v e n t i o n  of 0 r t h o s i a L . i ~  i iypotensionfs  

D r .  Augusta Alba and Dr, F r i e d a  S -  T r a i n o r ,  Goldwater Memorial 
H o s p i t a l ,  New Vork U n i v e r s i t y  Medical  Cen te r  

Team Member - E r n e s t  H a r r i s o n ,  Jr ,  

Problem Acquired - August 1969 
T r a n s f e r  Made - September 1969 
Elapsed Time - I - I / 2  Months 

Researchers  a t  Goldwater Memorial H o s p i t a l  o f  New Uork U n i v e r s i t y  
Medical  Cen te r  have encountered a  p a t i e n t  s u f f e r i n g  from o r t h o s t a t i c  
hypotension.  The under ly ing  cause  i s  suspec ted  t o  be  n e u r a l  damage. 
Complicat ing t h i s  c o n d i t i o n  i s  t h e  f a c t  t h a t  t h e  p a t i e n t  had p r e v i o u s l y  
s u s t a i n e d  a  h i p  i n j u r y  which r e s u l t e d  i n  t h e  l e f t  h i p  be ing  f u s e d  i n  ex- 
t e n s i o n .  With t h e  h i p  f u s e d ,  t h e  pat ient .  could  o n l y  s t a n d  o r  lie down, 
The o c c u r r e n c e  of o r t h o s t a t i c  hypoteas ion  now p r e v e n t s  t h e  p a t i e n t  from 
s t a n d i n g ;  consequen t ly ,  t h e  on ly  p o s i t i o n  t h e  p a t i e n t  can assume i s  a 
r e c l i n i n g  one,  A l l  a t t e m p t s  t o  b r i n g  t h e  p a t i e n t  t o  an e r e c t  p o s i t i o n  
u s i n g  a  t i l t  t a b l e ,  e l a s t i c  bandages,  and abdominal b i n d e r s  have been 
u n s u c c e s s f u l .  P r i o r  t o  t h i s  o p e r a t i o n ,  t h e  p a t i e n t  was a b l e  t o  walk w i t h  
forearm c r u t c h e s ,  She has  t h e  power i n  a l l  e x t r e m i t i e s  t o  m a i n t a i n  h e r s e l f  
i n  t h e  e r e c t  p o s i t i o n  i f  s h e  could m a i n t a i n  h e r  blood p r e s s u r e ,  Although 
t h i s  problem concerns  only one s p e c i f i c  p a t i e n t ,  there a r e ,  no doubt ,  
numerous o t h e r  peop le  who could  b e n e f i t  from a t echn ique  t h a t  would permi t  
peop le  w i t h  o r t h o s t a t i c  hypotension t o  s t a n d  e r e c t ,  

The r e s e a r c h e r s  f e e l  t h a t  a p r e s s u r e  s u i t  f o r  t h e  w a i s t  down (one t h a t  
e s s e n t i a l l y  f i t s  t h e  l e g s )  i n  which t h e  degree  of c o u n t e r p r e s s u r e  can b e  
c o n t r o l l e d  may be  more e f f e c t i v e  i n  c o r n b a ~ t i r ~ g  the p a t i e n t ' s  d i f f i c u l t y  than  
t h e  measures a l r e a d y  employed, The r e s e a r c h e r s  a r e  i n t e r e s t e d  i n  t h e  a v a i l -  
a b i l i t y  of a  p r e s s u r e  s u i t  t h a t  could  be used in t h i s  a p p l i c a t i o n ,  This 
r e q u e s t  has  been made of t h e  BiomedicaL A p p l i c a t i o n  Team because  of t h e  
widespread work of NASA i n  development of 6-suits and p r e s s u r e  s u i t s  f o r  t h e  
ae rospace  program, 

The dimensions of t h e  p a t i e n t  are: 

w a i s t  
h i p s  
r i g h t  lower extremity (hip 

j o i n t  t o  s o l e  o f  f o o t  
l e f t  Lower e x t r e m i t y  
r j  g h t  t h i g h  (maxiaaum) 
left t h i g h  ( m a x i ~ n r s m ' i  
r i g h t  ankle 
ref t a n k l e  
3 l - i ~ ~ :  s t z n  



The p a n t s  s e c t i o n  of a  6 - s u i t ,  such as t h e  t y p e  worn by j e t  f i g h t e r  
p i l o t s ,  was o b t a i n e d  on a  l o a n  b a s i s .  

Manual s e a r c h ,  

Source of S o l u t i o n  --- -- - 

Mr, John Samos, Technology U t i l i z a t i o n  O f f i c e r  a t  NASA Langley Research 
C e n t e r  o b t a i n e d  a  G-suit  on a  l o a n  b a s i s ,  It was given t o  t h e  r e s e a r c h e r s  
t o  pe rmi t  e x p e r i m e n t a t i o n  w i t h  t h e  G-sui t  on t h e  p a t i e n t ,  

2enef iLs t o  b e  Derived from T r a n s f e r  ----- 

Use of  t h e  G-suit  w i l l  permit  t h e  researchers t o  de te rmine  e x p e r i m e n t a l l y  
whether a p r e s s u r i z e d  s u i t  can be s u c c e s s f u l L y  employed t o  c o r r e c t  t h e  
d i i f i c u L t i e s  encoun te red  by t h e  p a t i e n t  i n  r e a c h i n g  and rnainta.ining an e r e c t  
p o s i t i o n ,  In  p r e l i m i n a r y  t e s t s ,  a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  p a t i e n t ' s  
ability t o  w i t h s t a n d  e l e v a t i o n  on a  t i l t  t a b l e  was recorded, i n d i c a t i n g  that 
the p r e s s u r e  s u i t  concept  may b e  u s e f u l  i n  t h i s  p a r k i c u l a r  problem, P r e v i o u s l y ,  
k;he p a t i e n t  had n o t  been a b l e  t o  w i t h s t a n d  55' e l e v a t i o n ,  Because of the  
prolonged b e d r e s t  of  t h e  p a t i e n t ,  a  c o n d i t i o n i n g  program i s  n e c e s s a r y  K O  

determine t h e  a c t u a l  u s e f u l n e s s  of t h i s  approach,  I f  f e a s i b i l i t y  of  t h e  
pressure p a n t s  i s  e s t a b l i s h e d ,  t h e n  c u s t o m - f i t t e d  p r e s s u r e  pants w i l l  be  
procured from commercial s o u r c e s .  



' r ' N A N S i " 1 5 i c  K L P C I K T  

~ Y T L / N C S I S - ~  

'%rial y s i s  I lech.i~iqr-ir~ f o r  h,EG Da~a'" 

D r ,  Thomas E ,  LeVerey Nor th  C a r o l i n a  S t a t e  U n i v e r s i t y  

Team Ekmber - F ,  'Ihoirids Moot ell, P'rl,D, 

Problem Acquired - March 1969 
T r a n s f e r  Made - November 1969 
Elapsed Time - 8 Months 

The r e s e a r c h e r  h a s  a g e n e r a l  i n t e r e s t  i n  rhe s l e e p  p r o c e s s ,  S leep  o r  
t h e  l a c k  of s l e e p  can cause  changes t o  occur  i n  b o t h  t h e  p h y s i o l o g i c a l  and 
p s y c h o l o g i c a l  p r o c e s s e s  of man, S leep  i s  a  n e c e s s a r y  requirement  f o r  man, 
b u t  much i n f o m a t i o n  i s  needed about  t h e  p r o c e s s e s  t h a t  occur  d u r i n g  s l e e p ,  
For example, i t  is  known tladi durirzg s l e e p  a r t e r i a l  b lood p r e s s u r e  f a l l s ,  
p u l s e  r a t e  d e c r e a s e s ,  s k i n  v e s s e l s  dilate, a r t i v i t y  of t h e  g a s t r o i n t e s t i n a l  
t r a c t  i n c r e a s e s ,  and metabo l ic  r a t e  d r o p s  by L O  p e r c e n t ,  Of g r e a t e y  i n t e r e s t  
i s  what a c t i v i t y  changes occur jn Lhe b r a i n  d u r i n g  s l e e p  because  t h i s  i s  t h e  
c o n t r o l  c e n t e r  f o r  t h e  p h y s i o l o g i c a l  sys tem,  

One method f o r  s t u d y i n g  t h e  a c t i v i t i e s  at t he  b r a i n  i s  t o  use  t h e  
e lect roencephalogram (EEG) which i s  a  r e c o r d  of  e l e c t r i c a l  p o t e n t i a l s  o r  
a c t i v i t y  on t h e  s u r f a c e  ~ J E  t h e  head,  O b ~ a i n i n g  t h e  EEG c o n s i s t s  of p l a c i n g  
e l e c t r o d e s  ora t h e  head and r e c o r d i n g  the l o w  v o l t a g e  s i g n a l s  genera ted  by 
t h e  b r a i n ,  These s i g n a l s  can be used as  a measure of suck t h i n g s  as  dep th  
of s l e e p ,  a d a p t a t i o n  to n o i s e ,  e t c ,  

One of t h e  d i f f i c u l t i e s  i n  i n t e r p r e t i n g  EEG data i s  t h e  complexity of 
t h e  s i g n a l ,  An EEG record  i s  a low-freqraeitcy s i g n a l  t h a t  i s  u s u a l l y  analyzed 
u s t n g  a  d i g i t a l  computer, Techniques f o r  temporal  f requency a n a l y s i s  a r e  
u s e d ,  

The r e s e a r c h e r  tras aware of mucia of' the in format ion  i n  t h i s  f i e l d  re- 
g a r d i n g  EEG a n a l y s i s ,  H e  wanted a searcar performed t o  a p p r i s e  him of  a l l  
develop~nents  i n  the  t echn iques  for l o w - t r e q ~ i ~ u c y  s i g n a l  a n a l y s i s ,  A t  t h e  
suggestiolz of t h e  team, the seart il i ~ e  ~cided anal y s i s  t echn iques  f o r  a l l  t y p e s  
of Low-frequency ana log  s i g r r a f s  (i. e., scisn~ograpkiicf  . 

D e s c r i ~ t i o n  of S o l u t i o n  - ---- 

The team performed a compiaber seas-ch, Search No, 2656, "EEG S i g n a l  
Ana lys i s , "  oaf t h e  ae rospace  data. bdnk ~ai'Llleki disclosed 26 a r t i c l e s  of i n t e r e s t  
t o  D r .  LeVere, Although rnariy of Lhe a r t i c l e s  disclosed i n  t h e  s e a r c h  
appeared v a l u a b l e ,  a r t i c l e  No. 467-81357, "Evoked Responses and React ion 
Time," was of major importance,  T h i s  artic:Ce d i s i -ussed  t h e  u se  of computer 
averag ing  t e c h n i q u e s  t o  record evoked i - ~ s p s ~ ~ z s t ~ s  t o  ces ta i r r  sensory  s t i m u l i  
and concluded t h a t  evoked respuriscis were c o r r e l a t e d  \with r e a c t i o n  ~ i m e ,  



' 1 1 , ~ :  i n f o m a t i o n  disclosed in the search irtas been irseti by Dt, LeVere 
- .  ~n t l i ~ s  _research and In the p r e p a r a t i o n  of a pi.opo';ai to trihe I.i'atiolial. 

i r r s t i t u t e  of lkental liealtlli, 

Successful Searching Method 

Computer search a$ Science and TechnoTogy Researcrtt Center located at 
Xeredreh T r i a n g l e  Park, Nor th  Caro l ina ,  

Bcr ie f  its to be Derived from Transfer  ---- -- ----- 

I ' h ~ s  transfer has added knowledge to the r ~ s e a l - e h  ~ $ f o r t -  in t h i s  
Ynportank phase of behavioral sciences, 



''A Servo-Control led System t o  Measure the P a r t i a l  P r e s s u r e  of 
Oxygen and Carbon Dioxide i n  Expired Gases and t o  

C o n t r o l  t h e  Operat ion of Etespira torsr"  

D r .  R. A, Kemp and D r ,  J ,  M, Meredi th ,  Bowman Gray School o f  Medicine 

Team Mennber - E r r z e s t  H a r r i s o n ,  J r ,  

Problem Acquired - March 1968  
T r a n s f e r  Made - January  1970 
Elapsed Time - 22 Montlis 

A c o n t r o l  system f o r  r e s p i r a t o r s  i s  d e s i r e d  which can c o n t r o l  bo th  t h e  
r a t e  of r e s p i r a t i o n  of a  p a t i e n t  and a l s o  t h e  volume of a i r  s u p p l i e d  t o  t h e  
p a t i e n t  dur ing  each b r e a t h ,  A t  Leas t  t w o  t y p e s  of  p a t i e n t s  would b e n e f i t  
from such  a dev ice .  The f i r s t  t y p e  i n v o l v e s  t h e  use  of r e s p i r a t o r s  on 
p a t i e n t s  fo l lowing  e x t e n s i v e  s u r g e r y  and p a t i e n t s  i n  i n t e n s i v e  c a r e  u n i t s  
where t h e  lungs  a r e  e i t h e r  n o t  o p e r a t i n g  e f f i c i e n t l y  o r  i t  i s  n e c e s s a r y  t o  
reduce  t h e  work load  by means of a r e s p i r a t o r ,  The second s i t u a t i o n  i n v o l v e s  
t r e a t m e n t  of p a t i e n t s  who have no-mal  l u n g s  b u t  who through some c i rcumstance  
( f o r  example, h y p e r s e n s i t i v i t y  t o  d r u g s j  have t e m p o r a r i l y  Lost t h e  a b i l i t y  t o  
b r e a t h e ;  i . e . , t h e  c o n t r o l  meclaanisnis which r e g u l a t e  r e s p i r a t i o n  a r e  t e m p o r a r i l y  
i n a c t i v e ,  

It i s  g e n e r a l l y  f e l t  t h a t  t h e  t r ea tment  of such peop le  could  be  done 
more e f f i c i e n t l y  and wi thou t  t h e  danger of o v e r v e n t i l a t i o n  i f  a  means of 
s e n s i n g  t h e  components of t h e  exp i red  g a s e s  cou id  be implemented i n  such a  
f a s h i o n  a s  t o  c o n t r o l  t h e  o p e r a t i o n  of t h e  r e s p i r a t o r  t o  a c h i e v e  proper  
r e s p i r a t i o n  of t h e  i n d i v i d u a l ,  O v e r v e n t i l a t i o n  of t h e  Lungs i s  n o t  o n l y  
u n d e s i r a b l e ,  i t  can b e  p o s i t i v e l y  harmful ,  E s s e n t i a l l y ,  t h e  system would 
be  r e q u i r e d  t o  sense t h e  oxygen and carbon dioxide p a r t i a l  p r e s s u r e s  i n  t h e  
i n s p i r e d  gas  and e x p i r e d  g a s ,  I n s p i r e d  gas h a s  a  carbon d i o x i d e  c o n t e n t  of 
nominal ly  z e r o ,  w i t h  an  oxygen partial p r e s s u r e  of approximately  150 mmHg, 
The e x p i r e d  gas, on t h e  o t h e r  hand, has a carbon d i o x i d e  corktent s f  from 42  
t o  58 mHg and an oxygen c o n t e n t  of approx i~nace iy  100 mmHg, F i v e  p e r c e n t  
accuracy  i n  sens ing  t h e s e  composi t ions  would b e  a c c e p t a b l e ,  

Although no t  a primary requirement  of t h i s  p r o b l m ,  an  a d d i t i o n a l  
d e s i r a b l e  f e a t u r e  would be  a c o n t r o l  system which could  program t h e  
o p e r a t i o n  of t h e  r e s p i r a t o r  t o  ach ieve  ogt-irnum r e s p i r a t i o n  of t h e  p a t i e n t  
based upon t h e  d a t a  p rov ided  by t h e  carbon d i o x i d e  and oxygen s e n s o r s ,  

D e s c r i ~ t i o n  of S o l u t i o n  

A quadrupole mass spec"Lomei-er developed by NASA has  been i d e n t i f i e d  as 
being Innre than  adecjilate f o r  senslaag the oxygaa and carbon d i o x i d e  p a r t i a l  
p r e s s u r e s ,  Th i s  u n i t ,  however, i s  n o t  a v a l l & l e  thrortgh NASA and i s  n o t  y e t  



rommit-rcially a v a i l a b l e ,  F u r t h e r ,  specialized quadrupole mass s p e c t r u m e c e r s  
1199ed on t t i s  d e s i g n  a r e  f a r  t o n  e x p e n s i v e  icir th4 s r a r r  i x  dlar a p p l i e a t f  oil, 

rnsmriezcial Tilass s p e c t r o m e t e r  has been i d e n t i f  i ed  rlh i c h  ,2su will f u l f i l l  
i-!~e sezrscry r e q u i r e m e n t s  o f  t h i s  problem,  A l  t hough i t  i s  rntdsi1-r Leos expen- 
i.14e t l r d ~  t h e  inass ~ p e ~ t r ~ t m e t c r  d e v e l o p e J  b y  TiASA, LL is : ; t i l l  1 - - l ~ + ! - r a l y  A. L ii _ _ ia 

cbxpez~s ive  for: t h i s  c l i n i c a l  t y p e  o f  a p g d i c i z t i a n ,  

A s u g g e s t i o n  was recervec i  f  rorn M r ,  John  Sanaos, Technology U t i l i z a t i o n  
3 f L i c e r  a t  NASA Lang ley  R e s e a r c h  C e n t e r  which  i n v o l v e d  the u s e  o t  f l u i d i c  
dev i ce s  L O  measu re  t h e  components  of cltrnospheric g a s e s ,  f i r r c e  rhe  s o u r c e  of  
t h i s  t e c h n o l o g y  was t h e  Har ry  Dimozad L a l r o r a t o r e e s  of  t he  A~rmy, tile "neetl-to- 
krlowf' 'was e s t a b l i s h e d  and a conierenlce  was viriZd w i t h  meiilbers ul t h e i r  Bio- 
ineciical S e c t i o n ,  S p e c i f i c  d e t a i l s  o f  the biorrietlical problem were  o u t l i r s e d ,  
=IIAJ t h e  p o s s i b i l i t y  o f  u s i n g  f l u i d i c  techti  l q u e s  i n  i liis p a r t - i c u l a r  a p p l i c a t i o n  
were e x t e r a s i v e l y  d i s c u s s e d .  The net  r e s u l t  o i  t h e s e  d i s c u s s t o n s  was t h a t  t h e  
t.ecli:?iques s u g g e s t e d  by M r ,  Samos cou1d not be irnple~nented aaSthouk a c o s t l y  
r n g i n e e r i n g  i n v e s t i g a t i o n ,  Even t h e n ,  rhe p r o h a b i i l t - y  of  s u c c e s s  i n  employing 
rl-ese t ec t tn iques  c o u l d  noc  b e  c o n s i d e r e d  c e r t a i n ,  Such development  program 

11 d i n v o i v e  t h e  e x p e n d i t u r e  o f  co rzs ide rah le  aanouirf s of ef f  ur taaald f u n d s ,  
r e s e a r c h e r  h a s  l i m i t e d  f u n d i n g  s o  t h a t  h e  canno t  s u p p o r t  such  a deve lop -  

r ,:t program even i f  t h e  s u c c e s s  of  slscla a d e v e l o p r ~ e n t  program were  a s s u r e d ,  
":on:,equenLly, w i t h i n  t h e  p r e s e n t  c o n s t r a i n t s  under \.sl-iicli i-he problem is 
d e f r n e d ,  i t  d o e s  n o t  a p p e a r  t h a t  t h e  a p p l i c a t i o n  of f l u i d i c s  t e c h n i q u e s  t o  
t h i s  problem can  h e  accompl i shed ,  

A s  a r e s u l t  o f  t h e  i n f o r m a t i o n  s u p p l i e d  on t h e  v a r i o u s  t y p e s  o f  r e s p i r a -  
riilsa scnasors by t h e  B iomed ica l  A p p l i c a t i o n  Teant, the r e s e n r r - h e r  h a s  d e c i d e d  
t"ra"&the mass s p e c t r o m e t e r  o f f e r s  t h e  besf:  soJut- ioi l ,  as  a means o f  s e n s i n g  
t he  ~ o m p n s i t - i o n  of r e s p i r a t o r y  g a s e s ,  t o  h i s  p a r t i c u l a r  problem and c i r c r ~ n -  
s t a n c e s ,  S i n c e  t h e  NASA mass s p e c t r o m e t e r  c o u l d  n o t  b e  made a v a i l a b l e  1-0 t h e  
r e s e a r c h e r  and b e c a u s e  r e e n g i n e e r i n g  of  t h e  NASA d e s i g n  w a s  t o o  c o s t l y ,  t h e  
r e s e a r c h e r  t u r n e d  t o  t h e  c o m e r c i a k  s o u r c e s  i d e n t i f i e d  by t h e  B iomed ica l  
A p p l i c a t i o n  Team, The r e s e a r c h e r  i s  p r e s e n t l y  i n v e s ~ i g a t i n g  s e v e r a l  c o m e r -  
c i ~ l l y  a v a i l a b l e  mass s p e c t r o m e t e r s  and d i s c u s s i n g  t h e i r  s p e c i f i c a t i o n s  w r t h  
t h e  m a r z u f a e t u a ~ e h  r e p r e s e n t a t i v e s  preparatory t o  s e l e c t i n g  and purckaesirrg a 
i -onme~cia l .  ula it, 

S u c c e s s f u l  S e a r c h  Method -- -M-----w-p- - 

A computer  s e a r c h  of t h e  a e r o s p a c e  l i t e r d ~ u r t ~  p r o v l d e d  l n f n r m a t i ~ n  on 
the NASA-developed mass s p e c t r o m e t e r ,  

Source  o f  S o l u t i o n  

The i n f o m a t i o n  o b t a i n e d  from t h e  s e a r c h  of a e r o s p a c e  l i t e r a t u r e  pro-  
v ided t h e  r e s e a r c h e r  w i t h  s u f f i c i e n t  information t o  p e n n i t  h i m  t o  chaos- t h e  
i e c h n k q u e  most a p p l i c a b l e  ~o this spec i f i e  proh? em, 



B e n e f i t s  t o  be  Derived from T r a n s f e r  

Proper  c o n t r o l  of r e s p i r a t o r s  s o  as  t o  f u l f i l l  t h e  r e s p i r a t o r y  r e q u i r e -  
ments of t h e  p a r t i c u l a r  i n d i v i d u a l  being ventilated i s  ex t remely  i m p o r t a n t ,  
O v e r v e n t i l a t i o n  i s  harmful .  En a d d i t i o n ,  s t u d i e s  have shown t h a t  p u r e  oxygen 
o r  h i g h  oxygen c o n c e n t r a t i o n s  cause  harmful  e f f e c t s  when exposure  i s  f o r  long  
p e r i o d s  of t i m e .  S i g n i f i c a n t  amounts of r e s e a r c h  have been expended by NASA, 
a s  w e l l  a s  o t h e r s ,  which document t h i s  oxygen t o x i c i t y .  Implementation of 
r e s p i r a t o r  c o n t r o l  on t h e  b a s i s  of t h e  r e s p i r a t o r y  requ i rements  of t h e  p a t i e n t  
i s  a p o s i t i v e  s t e p  toward reduc ing  some of  t h e  h a z a r d s  now a s s o c i a t e d  w i t h  
prolonged r e s p i r a t o r  use.  



T R A N S F E R  R x p O j 2 . T  

~ y r / w ~ , , - ? . . j  

"A13plica"coa1 of  BioteLernetry r%rxl.ts b_ro I r i te t l s ive  Care Areas t i  

D r ,  R, P,, Kemp, Boem,an G-~.zy Schoo:! of Medicine 

Team Member - E r n e s t  Ilas:rison, '!r, 

P r  01, lem Acquired - December 1967 
T r a n s f e r  Made - November 1969 
Elapsed Time - 2 3  Months 

D e s c ~ ~ t i o n  of Problem ---- ------ 
Members f t h e  Department of  S u r g e r y  of she Bo~arar; cir,ry Seihooi of  

ki'iedlrine ace - n t e r e s t e d  i n  improving the c-jurLLi:y s f  patieill moni to r ing  i n  
"le i n t e n s i v e  c a r e  unit, The p r e s e n t  in~enslve care univ has appro~c imate ly  
! 5  beds  Located p e r i p h e r a l l y  around a c e n t r s i  nLrsc) stdtion, Two hard-wire  
systems f u r  moni to r ing  EGG f rom two oL rile b e ~ j s  a"c  Ire ~ e n f  r a k  r lurse s l a t i n i l  
a r e  i n  use ,  P resen"cqdprnen t  i s  exkremeby h d l k y ,  Goth in the 
toom and a t  t h e  n u r s i n g  s t a t i o n ,  and requises phys~ ,s i  ~ t f t ~ ~ c ' r i m e n t  o f  wires t o  
t h e  patience Such bulky equipment aro~~13d the bed i ' ,  x t  semely i r~convenlera t ,  
T h e  r e s e a r c h e r s  a r e  v e r y  inteeees"ced in sorr-ie rraea%?s cr:" edrsc ing equipment s i z e  
and crixlylexity w h i l e ,  at t h e  same t i m e ,  impro - i i i~~g  t h e  ~ n o ~ i - i t  or is ig  f a c i l t t i e s ,  
S p e c i f i c a l l y ,  t h e y  would l i k e  t o  rnonicor 1\03 drta .c%i,?ration s a i e  f r o m  each  
bed st t h e  c e n t r a l  nursing s t a t i o n ,  I-c i s  vet< dca'; t i d b l e  t h a t w i r e s  n o t  be 
~ l t ~ a c h e d  t o  t h e  p a t i e n t ;  t h e r e f o r e ,  d telerne~;? i n b e  i s  necessary, k con- 
+,entronaL e l e c t r o d e  sys tem can be? used  f o r  t j ~  1 CL,, l i ! ? ~ . i ~ ~ ~ t ? i  , an i~tvesLigaLiorn 
i.t t h e  diFf e r e n t  approaches  t o  rnonieor l r lg  respl v-3 i ~ i " ~ ~  i 7 i i l  b e  necessa ry  t o  
dcatermine t h e  optimum t e c h n i q u e ,  

Search No, 697 on biote lemei-ry  whjch was r*ldda ej cfci-i:, 7upi3Licd to the 
x-escxrctaers f o r  t h e i r  e v a l u a t l  on,  I n  add i r io r r  , 7 ~ i f t , i l l w t ~ ( i ~ i  011 r he h e l i  
Kesearch Cen te r  m i n i a t u r e  b i o p o t e i ~ t i i i l  b e i e i l l a a  :\J - ) 3 ~ e ~ 1  v i i i  t u r n i s i i e d  i n  che  
" o n n  of the  supplementaL information bto l*h i? r r  i t n r * ? ? e i ~  E>v A t n e s ,  GvaLtuacion 
3 ~ f  LI i e  /!mes t e l e m e t r y  u n i t  was v e r y  f,*vora"ri: L, , i . , z i  i r i p , , e r l l s  r h a c  the b a s i c  
fiel°;lgiz ia:lZ. p e r f a m  t h e  t e l e m e t r y  t u l r c t s  oil rc q r a l  c.1 f i jc 0 esearcher requested 
tile Biomedical Eng ineer ing  Department of  f - t n e  iio r n ~ ; r l  Crdy i:choot of Medicine t o  
corjstr i lct  a b i o t e l e m e t r y  u n i t  based or) elte h c c -  I > i c , i  p d ~ a a c t z y  system, L i i f t i c u l t y  
t13s e x p o c ~ e n c e d  i n  o b t a i n i n g  some al. &he par*:, s f x ~ - i  3 Cl"& ' c  rke Arne.; drawing, 
Thi r  , coupled w i t h  p e r s o n n e l  Losses i n  the i s r i m ~ d ~  c ,a i j i : i~g~iit. e r l n g  Department 
w i ~ i c h  l e f t  no one a v a i l a b l e  t o  f a b r i c a t e  "':I.- ( l i t i t  ( , , i i r , i . t i  t h e  r e s ~ d r ~ l ~ ~ r  C O  

~ a L t  ~ n v e s t  j g a t i o n  of the h e s  t e J  einer lry CIYSLPL~I i jl,i~ftiliaai-it y b ~ j  t i 7  k~i- le~net  *ry 
qysrems  gained by t h e  r e s e a r c h e r  and  t h e  eB-ic>rtredic<:i i ' i ~g in rc r i r rg  Department 
pef rn i l  t e d  s e l e c t i o n  of a  c s r m e r c i a l  te,insro i r t s r  u n i i  wl;;c'r~ caul d be r e l a s .  r t e l y  
edsiily. inudified for  use i n  r h i s  appl 1 c . d ~  icin I 1~63 p C 7 ~ l  L' hC r pi] v ~tkae~eil )-he 
:oli"~nerclal unai;, and the Biornedicai  Z n g i , r p r  rli," % b i r r  r - I:, f l ~ i  T F  n r l i .  iiiclli ha& 
rite ~~~~~~~~~y ~ i i ~ d i i j ~ a t i u l ~ s ,  



The Ames Bin te lemet ry  System was i d e n t i f i e d  on an  e a r l i e r  problem by 
means of NASA Tech B r i e f s  and p e r s o n a l  v i s i t s  t o  t h e  Ames Research Cente r ,  

Source of S o l u t i o n  

Ames Research Cente r ,  

B e n e f i t s  t o  be Derived from T r a n s f e r  

S u c c e s s f u l  implementat ion of a  b i o t e l e m e t r y  sys tem f o r  u s e  i n  t h e  
i n t e n s i v e  c a r e  ward w i l l  g r e a t l y  a l l e v i a t e  t h e  crowded c o n d i t i o n  t h a t  
c u r r e n t l y  e x i s t s  t h e r e  around t h e  beds  of t h e  p a t i e n t s ,  



Dr, George S ,  Malindzak,  .is,, Ki:~~iiial~ Gi ia j -  Sri isol  i,f EMedicir-ie 

Team Member - E r n e s t  Harriscn,  Jr, 

Prbb  iem Acquired - May 1969 
l r a n s f  es Made - J a n u a r y  1970 
b l a p s e d  T i m e  - 8 Months 

D e s c r 3 t i o n  of Problem "--- 

I n f o m a t i o n  i s  d e s i r e d  on t h e  agpl .i c a t i o n  of cox ~elation t e c h n i q u e s  t o  
Lhe d a t a  s i g n a l s  commonly encoun te red  i n  c a r d i o v a s c u l a r  r e s e a r c h ,  

The r e s e a r c h e r  h a s  a  g e n e r a l  i n t e r e s t  in the corilpi~tci p r o c e s s i n g  and 
enhancement of c a r d i o v a s c u l a r  d a t a ,  A recene article i n  the open l i t e r a t u r e  
has i n d i c a t e d  t h a t  c o r r e l a t i o n  t e c h n i q u e s  can be d ~ > p l i e d  t o  d a t a  o b t a i n e d  
from a two-point v e l o c i t y  probe i n  a  f l u i d  stream s o  a s  Lo y i e l d  i n f o r m a t i o n  
on t u r b u l e n c e  and d i f f u s i o n  i n  t h e  f lowing  s t r eam,  A f t e r  r e a d i n g  of t h e s e  
t e c h n i q u e s ,  t h e  r e s e a r c h e r  f e e l s  t h a t  t h e y  have  p o t e n t i a l  v a l u e  i n  a nurlnber 
of  b iomedica l  a p p l i c a t i o n s  d i r e c t l y  concerned with his r e s e a r c h  program i n  
c a r d i o v a s c u l a r  phys io logy ,  For example,  i n  de te rmin ing  c a r d i a c  o u t p u t  by 
i n d i c a t o r  d i l u t i o n  methods,  i t  is  impor tan t  t h a t  tiie flow p r o f i l e  be l aminar  
( n o ~ u r b u l e n t ) ,  A means of d e t e c t i n g  t h e  c n s e t  of t u r b u l e n t  f low would b e  
of v a l u e  i n  t h i s  a p p l i c a t i o n ,  A number of o t h e r  p o t e n t i a l  a p p l i c a t i o n s  can 
e a s i l y  be  l i s t e d ,  The r e s e a r c h e r  wishes  t o  de te rmine  whether  t h e s e  techniques 
can b e  f r u i t f u l l y  a p p l i e d  i n  t h e  f i e l d  of  c a r d i o v a s c a l a r  phys io logy  a s  a 
p r e r e q u i s i t e  t o  beg inn ing  a r e s e a r c h  program i n  t h i s  a r e a ,  

D e s e r s i o n  of S o l u t i o n  --- -.- 

T h i s  problem was s o l v e d  as  a r e s u l t  of con%at*nce aL NASA Marsha l l  
Space  F l i g h t  Cen te r  (HrrntsvilZe, Alabama) with D r ,  iprfbz #rouse  and E'ir, 
Andrew ELlner ,  During t h i s  conference,  I ) r ,  E"i a i i r i t j ~ s k  and  Mr, Harrison.  
p r e s e n t e d  t h e  b a s i c  problem which iravollres  he Ctel"rz r 3 r 1 i ~ ~ i * t t  nnl of v h e t h e r  
c o r r e l a t i o n  and a u t o c o r r e l a t i o n  t e c h n i q u e s  i c i m r  s e ~ i e n  a n a l y s i s )  can be  
a p p l i e d  t o  r e s e a r c h  i n  t h e  b iomedica l  field (spectEicaily, t h e  c a r d i o -  
vasctrLar sys tem) t o  e x t r a c t  anore s i g n i f i c a n t  i r ~ f o r m a t i o n  ilrorn d a t a  c u r r e n t l y  
being col l .ec ted  and p r o c e s s e d ,  The "nionnedica I. ~ ? ~ ~ > O C L B  o f  earh i l avascu la r  ----- -- 
research were p r e s e n t e d  t o  Dr, Krause et al,; D:, Y a J i n d z a k  h a s  concluded 
t h a t  c o r r e l a t i o n  t e c h n i q u e s  indeed o f f e r  porcntiai b r n e f d t  j n  extracLing 
more u s e f u l  in fomnat ion  from data c u r r e n t l y  be iag  e o L l e e ~ e d  and p rocessed .  
A s  a r e s u l t  of  t h i s  NkSAlresearcher interarti~a~, the researclrer h a s  begun 
a research program t o  e x p l o r e  s p e c i f i c  binrned i cd  i pr ob'ierrrs io ~zliic 'n cu r  w eFa- 
r i n n  and a ~ ~ t o c o r r e l a t i o n  t e c h n j q u e s  can be fru i f u l  l y app l i pil, 



The s o l u t i o n  t o  t h i s  problem r e s u l t e d  from a s u g g e s t i o n  f e r n  submi t t ed  
by M r ,  A. J, E l l n e r  a t  Marsha l l  Space F l i g h t  Cen te r ,  The £om was seen  by 
M r ,  James Richards  of NASA,TUD, who no ted  i t s  s i m i l a r i t y  t o  Biomedical  
problem WF-69. M r ,  R ichards  forwarded t h e  s u g g e s t i o n  form t o  t h e  Biomedical 
A p p l i c a t i o n  Team member. 

Source  of S o l u t i o n  

D r .  F r i t z  Krause and M r .  A, J ,  E l l n e r ,  NASA Marsha l l  Space P l i g h t  Cen te r ,  

B e n e f i t s  t o  be Derived from T r a n s f e r  

A s  a r e s u l t  of  t h e  s o l u t i o n  t o  t h i s  problem ( i . e , , t h e  e s t a b l i s h m e n t  t h a t  
c o r r e l a t i o n  and a u t o c o r r e l a t i o n  t echn iques  o f f e r  promise f o r  e x t r a c t i n g  more 
u s e f u l  in fo rmat ion  from b iomedica l  d a t a  c u r r e n t l y  being c o l l e c t e d  and p r o c e s s e d ) ,  
t h e  r e s e a r c h e r  h a s  begun a program t o  i d e n t i f y  s p e c i f i c  problems r e l a t e d  t o  t h e  
c a r d i o v a s c u l a r  sys tem t o  which c o r r e l a t i o n  and a u t o c o r r e l a t i o n  t echn iques  can 
be a p p l i e d  w i t h  a h i g h  p r o b a b i l i t y  o f  s u c c e s s ,  A s  t h e s e  s p e c i f i c  problems a r e  
developed,  r e s e a r c h  programs w i l l  be i n s t i t u t e d  and means of app ly ing  c o r r e l a -  
t i o n  and a u t o c o r r e l a t i o n  a n a l y s e s  t o  t h e s e  problems w i l l  be exp lored .  



T R A N S F E R  R S P Q R T  

rs.rr /vv-l 
$ 9  Improved M a t e r i a l  f o r  Percu taneous  'i'rrbes fop: l31008 Dialysis'" 

Dr, H, E a r l  Ginn, Vanderb i b t  Ualive.ce.sity 

Team Member - I?, Thomas Wooten, Ph,D, 

Problem Acquired - June  1969 
' l ' ransfer  Made - October  1969 
Elapsed Time - 4 Months 

i)esc=ion of Problem -- - 
The k idneys  a r e  o rgans  t h a t  remove i m p u r i t i e s  from the blood ,  The 

e n t i r e  human blood supp ly  i s  f i l t e r e d  through t h e  kidneys  about  20 t i m e s  
each  day, It is  e s t i m a t e d  t h a t  about  60,000 h e r i c a n s  d i e  from kidney d i s e a s e  
each y e a r ,  I f  s e r i o u s  kidney d i s e a s e  occurs ,  artificial removal of blood 
i m p u r i t i e s  ( d i a l y s i s )  i s  r e q u i r e d  u s i n g  t h e  a r t i f i c i a l  k idney through which 
t h e  blood supply must b e  c i r c u l a t e d .  

A p a t i e n t  r e q u i r i n g  d i a l y s i s  must b e  connected t o  the a r t i f i c i a l  k idney 
twice a week. To f a c i l i t a t e  t h i s  f r e q u e n t  connec t ion ,  smal l  t u b e s  (cannulas )  
are  connected t o  b o t h  a  v e i n  and an  a r t e r y  of t h e  arm, These t u b e s  a r e  
connected by a  shun t  which a l l o w s  blood t o  f l o w  i n  t h e  body when t h e  p a t i e n t  
is n o t  connected t o  t h e  a r t i f i c i a l  k idney ,  

A problem a r i s e s  when a  t u b e  i n t e r s e c t s  t h e  skin (percu taneous  t u b e ) ,  
T h i s  b r e a k  i n  t h e  s k i n  i s  o f t e n  t h e  s i t e  of i n f e c t i o n s  because of an improper 
s e a l  between t u b e  and s k i n ,  The t u b e  is normal ly  c o n s t r u c t e d  s f  s i l a s t i s  b u t  
an improved m a t e r i a l  i s  r e q u i r e d  which w i l l  p reven t  t h i s  i n f e c t i o n .  

The t u b e  m a t e r i a l  should  be compat ib le  w i t h  body t i s s u e  and must  a l l o w  
adequa te  s e a l i n g  of t h e  sk in .  The m a t e r i a l  a l s o  must n o t  cause  c l o t t i n g  of 
b lood,  

V i t r e o u s  carbon i s  a m a t e r i a l  which appears t o  meet t h e  requirements f o r  
this a p p l i c a t i o n ,  T h i s  m a t e r i a l  h a s  been success fu lLy  t e s t ed  a s  a percu taneous  
'Lead m a t e r i a l  by Mr, Jim Benson of Biocarbon ( f o r m e r l y  w i t h  North  k ~ l e r i c a n  
Rockwell), M r ,  Benson was contacted and he geneeously  offered to f a b r i c a t e  
a ser ies  of tubes  f o r  e v a l u a t i o n  of blood compatibility, These t ubes  have Seerx 
received by D r ,  Ginn f o r  i m p l a n t a t i o n  in  dogq, 

Mantlal search ,  



Benef i t s  t o  be Derived from Trans fe r  

This  t r a n s f e r  w i l l  enable  t h e  r e sea rche r  t o  eva lua t e  v i t r e o u s  carbon 
as  a percutaneous l ead  m a t e r i a l  f o r  d i a l y s i s  implants .  I f  &he eva lua t ion  
proves succes s fu l ,  t h i s  w i l l  be a s i g n i f i c a n t  improvement i n  t reatment  of 
k idney d i s e a s e  which k i l l s  an es t imated  60,000 Americans a year .  





A . 2 ,  Impact Repor t s  

Impact r e p o r t s  are inc luded  f o r  t h e  f o l l o w i n g  8 impacts  which 
r e s u l t e d  d u r i n g  t h e  p e r i o d  September 1969 t o  March 1970: 

WF-68 

7  0  

IRM-1 

4 

1 0  

15  

2 1  

2 6 



"Elec t rodes  f a r  E x e r c i s e  ECG" 

D r ,  Henry S. M i l l e r ,  Bowman Gray School o f  Nedicine  

Team Member - E r n e s t  H a r r i s o n ,  Jr, 

Problem Acquired - March 1969  (problem was r e j e c t e d  when d e f i n e d )  
Impact Made - J u l y  1969 
Elapsed Time - 4 Months 

The r e s e a r c h e r ,  a s  a  p a r t  o f  r o u t i n e  examinat ion and c l i n i c a l  p r a c t i c e ,  
o b t a i n s  e x e r c i s e  e l e c t r o c a r d i o g r a m s  (EGG) from p a t i e n t s  w i t h  s u s p e c t e d  
myocardia l  i n s u f f i c i e n c i e s ,  E lec t rocard iograms  a r e  t a k e n  from p a t i e n t s  a s  
t h e y  run on a  t r e a d m i l l ,  The purpose o f  t h i s  t e s t  i s  t o  d e t e c t  c a r d i a c  
a b n o r m a l i t i e s  i n  t h e  p a t i e n t ,  a s  evidenced by changes in t h e  e l e c t r o -  
cardiogram d u r i n g  e x e r c i s e .  F requen t ly ,  such a b n o r m a l i t i e s  can o n l y  be 
d e t e c t e d  i n  t h e  e l e c t r o c a r d i o g r a m  during e x e r c i s e ,  w h i l e  r e s t i n g  e l e c t r o -  
cardiograms a r e  e s s e n t i a l l y  normal ,  

The e x e r c i s e  regimen may vary  i n  v i g o r ,  depending on t h e  h e a l t h  and 
age  o f M e  p a t i e n t .  The r e s e a r c h e r  has  exper ienced  c o n s i d e r a b l e  d i f f i c u l t y  
w i t h  conven t iona l  ECG e l e c t r o d e s  i n  t h a t  they  (a) become una t tached  due t o  
p e r s p i r a t i o n  and f a l l  o f f ,  (b)  loosen  and move c a u s i n g  motion a r t i f a c t ,  and 
( c )  a r e  g e n e r a l l y  n o i s y  and u n s a t i s f a c t o r y  l o r  usr d u r i n g  e x e r c i s e ,  The 
r e s e a r c h e r  s e e k s  an e l e c t r o d e  which i s  f r e e  o f  t h e s e  problems, 

Use Fac to r  ---."- 

The NASA spray-on e l e c t r o d e s  manufacix?ced by the lia~zser Company and 
the lZauser paper-backed e l e c t r o d e s ,  w h i c h  d ri' ntodi f i  c a t i o n s  0 f t h e  spray-on 
eEeckrode,  were sugges ted  t o  t h e  r e s e a r c h e r .  A sample e l e c t r o d e  a r r a y  o f  
the  paper-backed e l e c t r o d e s  was obka~rsed f ror i~  Hai~ser  and given t o  the 
r e s e a r c h e r  f o r  exper imenta t ion .  A f t e r  u s e ,  the r e s e a r c h e r  deterinined 
8-11 a t  t h e s e  e l e c t r o d e s  o f f e r e d  no s i g r l i f  i cant advantage over t h e  o r i g i n a l  
:;ysTern, and consequent ly  they  were rejected, 

8ii a  r e s u l t  o f  p e r i o d i c  review of  L i t e r a t u r e  i n  the biorrzedical a r e a ,  
t h e  Biomedical A p p P i c a t ~ o n  Team member torrnil a r L i e s  eoce Lo d i s p o s a b l e  
? k i n  e lec t rodes  which had been t r i e d  a t  k-WaLLer Reed General Hospital, The 
reference was contained i n  the January-March 1969 n u a r t e r l y  Report o f  



t h e  U. S ,  Army Biomechanical  Research Labora to ry ,  Wal te r  Reed Army Medical  
Cen te r ,  Washington, D .  C .  I n  t h i s  document, a commercially a v a i l a b l e  
d i s p o s a b l e  e l e c t r o d e  was r e p o r t e d  t o  be i n  c u r r e n t  u s e  i n  t h e  C o r ~ n a r y  
Care u n i t  a t  t h a t  h o s p i t a l  and was p r e f e r r e d  t o  a l l  o t h e r  t y p e s .  
I t  was r e p o r t e d  t o  be  easy  t o  a p p l y ,  t o  l a s t  f o r  t h r e e  t o  f i v e  days i n  u s e ,  
and t o  be compat ible  w i t h  moni to r ing  and t e l e m e t r y  equipment.  

A sample o f  t h e s e  e l e c t r o d e s ,  trade-named "Mono-electrodes," was 
r e q u e s t e d  and r e c e i v e d  from t h e  manufac tu re r ,  Zenco Engineer ing  Corpora t ion ,  
2939-42 North H a l s t e d  S t r e e t ,  Chicago, I l l i n o i s .  The r e s e a r c h e r  t r i e d  
t h e  e l e c t r o d e s  i n  h i s  t e s t s  and found them t o  b e  v e r y  s a t i s f a c t o r y  and t o  
s o l v e  most o f  h i s  e l e c t r o d e  problems. The r e s e a r c h e r  h a s  purchased a 
supp ly  o f  t h e  e l e c t r o d e s  from t h e  manufac tu re r ,  and t h e y  a r e  now i n  r o u t i n e  
u s e  i n  h i s  l a b o r a t o r y .  



D r ,  James 6 ,  NcComick, Bowrnan Gray School of Medicirre 

Team Member - E r n e s t  H a r r i s o n ,  J c ,  

Problem Acquired - June 1969 
Impact Made - October 1969 
Elapsed Time - 4 Months 

A. means of t e l e m e t e r i n g  EEG, h e a r t  r a t e ,  r e s p i r a t i o n ,  and eemperature  
from free-swimming p o r p o i s e s  i n  l a r g e  t a n k s  is d e s i r e d ,  

The p o r p o i s e  has  a  remarkable  phys io logy ,  p a r t i c u l a r l y  a s  r e l a t e d  t o  
h i s  a b i l i t y  t o  make deep d i v e s  i n  t h e  ocean and r a p i d l y  r e t u r n  t o  t h e  
s u r l a c e ,  The a d a p t a t i o n  of t h e  porpo i se"  physiology t o  accomplish t h i s  
f e a t  i s  of  g r e a t  i n t e r e s t ,  The a u d i t o r y  physiology o f  t h e  p o r p o i s e  is  very  
h i g h l y  developed,  The chemis t ry  o f  s l e e p  i n  t h e  p o r p o i s e  and how i t  
r e l a t e s  t o  h i s  physiology d u r i n g  deep d i v i n g  i s  a l s o  of i n t e r e s t ,  The 
i n v e s t i g a t o r  i n  conduct ing a  r e s e a r c h  p r o j e c t  t o  o b t a i n  i n f o r m a t i o n  on t h e  
Free-ranging p o r p o i s e  t h a t  w i l l  pe rmi t  a b e t t e r  unders tand ing  of t h e  
unusual physiology o f  t h i s  an imal ,  S p e e i f i e a l l y ,  he would Like t o  ins t rument  
free-swimming animals  i n  a  t ank  so  t h a t  t h e  following d a t a  can  be rece ived  
and  recorded ,  I n  o r d e r  o f  impor tance ,  they a r e  (I) EEG, ( 2 )  h e a r t  ra te ,  
( - 5 )  r e s p i r a t i o n  r a t e ,  and ( 4 )  t empera tu re ,  

t e l emer ry  u n i t  which can t r snsmit  f o u r  ~ l g r i d l s  i s  desired, It 
would be most d e s i r a b l e  i f  the t e l e m e t r y  t tdns rn ie te r  signal from the  
p a s p o i s e  could  be r e c e i v e d  d i r e c t l y  o u t s i d e  t h e  t a n k ,  h u n d e m a t e r  sys tem 
(u s ing  s o n i c  t echn iques )  i s  p e m i s s i h l e ,  but  perhaps nor as d e s i r a b l e  as a  
sys tem a-n which t h e  r e c e i v e r  can be p l a c e d  outside the tank, The least 
d e s i r a b l e  approach would be t o  a t t a c h  a Line and an a i r b o r n e  b a l l o o n  t o  
the p o r p o i s e  w i t h  t h e  t r a n s m i t t i n g  antenna t h u s  being kep t  above t h e  
water's s u r f a c e ,  Th is  approach would be acceptable onSy i f  s i ~ i f i c a n t  
r e d u c t i o n s  i n  equipment complexi ty  and cost could  be gained t h e r e b y ,  

The porpoise  is a l a r g e  animal  and caa  be equipped w i t h  a h a r n e s s  t o  
.~ I r i i i k r  equipment can be s e c u r e d ,  Consequently, t h e  s i z e  and weight 
ceylrizeruents a r e  not  a t  a13 s e v e r e ,  The U ~ I L  muse, o f  c o u r s e ,  be capable 
O F  n p e r a t i p n  i n  sea wsrer, 



Use Factor  

Two searches were appl ied  t o  t h i s  problem: One was " ~ i o t e l e m e t r ~ "  
(No. 679),  an o ld  search  t h a t  had been run f o r  a previous problem; t h e  
o t h e r  was "Underwater ~ e l e m e t r y "  (No. M3P) which was s p e c i f i c a l l y  s t ruc tu red  
t o  t h i s  problem. The Underwater Telemetry search  was v e r y  r e l e v a n t ,  and 
t h e  researcher  requested a number of  documents. En a d d i t i o n ,  t he  a b s t r a c t s  
themselves were of va lue  t o  t he  researcher  i n  i d e n t i f y i n g  f o r b  o t h e r  
r e sea rche r s  working i n  t h i s  f i e l d ,  D r ,  McCormick has moved from Bowman 
Gray School of Medicine t o  Pr ince ton  Univers i ty  and i s  temporar i ly  with t h e  
New Je r sey  Bureau of Research i n  Neurology and Psychia t ry .  He expects  
t o  use  the  information f n  h i s  research  program when he has taken a permanent 
pos i t i on .  



"Determinat ion of Brace Socket ~~essure" 

*I ,  4-1, Richard Lehne i s ,  I n s t i t u t e  o f  R e l . ~ d b i l i t a t L o n  Medicine 

Team Member - E r n e s t  H a r r i s o n ,  J r ,  

Problem Acquired - A p r i l  1969 
Impact Made - March 1970 
Elapsed Time - I b  Months 

The r e s e a r c h e r s  wish t o  d e t e m i n e  t h e  p r e s s u r e  a t  aLI l o c a t i o n s  and t i m e s  
i n  a b r a c e  s o c k e t  d u r i n g  t h e  walking c y c l e ,  P r e s e n t  approaches  t o  t h e  
problem have been t o  use  p r e s s u r e  t r a n s d u c e r s  a t  s e l e c t e d  d i s c r e t e  p o i n t s  
i n  c o n j u n c t i o n  w i t h  mic rocapsu les  imbedded i n  foam rubber  o r  a  foam 
p l a s t i c  t o  de te rmine  t h e  p o i n t s  a t  which h i g h e s t  p r e s s u r e s  a r e  impressed,  
D i s c r e t e  p r e s s u r e  t r a n s d u c e r s  have been used t o  d e t e m i n e  t h e  p r e s s u r e  
i n  s e l e c t e d  l o c a t i o n s ,  U n f o r t u n a t e l y ,  u s i n g  d i s c r e t e  p r e s s u r e  t r a n s d u c e r s ,  
i t  is  p o s s i b l e  t o  over look  a r e a s  o f  h igh p r e s s u r e ,  The microcapsubes 
g i v e  q u a l i t a t i v e  i n f o r m a t i o n ;  i , e , ,  they  i n d i c a t e  t h a t  a c e r t a i n  
p r e s s u r e  has  been exceeded,  bu t  p r o v i d e  no dynamic i n f o r m a t i o n  concern ing  
p r e s s u r e s  i n  a  b r a c e  s o c k e t ,  A dynamic measuring t echn ique  which w i l l  
pe rmi t  moni to r ing  t h e  f o r c e s  a p p l i e d  t o  a b r a c e  socket o v e r  i t s  e n t i r e  
s u r f a c e  d u r i n g  t h e  wa lk ing  cyc le  i s  d e s i r e d  

The Biomedical Pqplicatioat .  Team i:onducted a search cjf t h e  ae rospace  
~ i c e r a t u r e  on t h i s  s u b j e c t  and d e l i v e r e d  i t  t o  t h e  r e s e a r c h e r ,  la a d d i t i o n ,  
a number of approaches  t o  t h e  problem were d i s c u s s e d  in d e t a i l  with t h e  
researcher, A t  t h e  same t ime,  t h e  r e s e a r c h e r  has con t inued  t o  experiment 
i d t h  an approach on which h e  has  begun p r e l i m i n a r y  work, The r e s e a r c h e r  
has found t h e  s e a r c h  and t h e  d i s c u s s i o n s  w i t h  t h e  Biomedical  A p p l i c a t i o n  
Tearrt very u s e f u l ,  Alchough they have n o r  r e s u l t e d  i n  a s o l u t i o n  t o  t h e  
r e s e a r c h e r ' s  problem, he f e e l s  that they have confirmed his b e l i e f  t h a t  
t h e  approach which h e  is  pursu ing  i s  ?siosL l i k e l y  T O  yield a s o l u t i o n  t o  h i s  
problem a n d  has  g iven  impetus t o  h i s  developnient o f  a con t inuous  
c h d u ~ i ~ a l  p r e s su re  t r a n s d u c e r  t h a t  quan t i f i e s  static pressure at a l l  
: ~g1c :ns  sdmu%taneo~~sEqry o v e r  large i r r s - r g r ~ t a r  e;urfaces, 



" A n  Improved M a t e r i a l  f o r  Cons t ruc t ion  
o f  Se l f -Adjus t ing  M a c e s "  

M r ,  I-I. Richard Lehne i s ,  I n s t i t u t e  o f  R e h a b i l i t a t i o n  Medicine  

Team Member - E r n e s t  H a r r i s o n ,  J r ,  

Problem Acquired - A p r i l  1964 
Pmpact Made - January  1970 
Elapsed Time - 9 Months 

An improved m a t e r i a l  f o r  c o n s t r u c t i o n  o f  s e l f - a d j u s t i n g  b r a c e  s o c k e t s  
o r  an improved des ign  o f  s e l f - a d j u s t i n g  b r a c e  s o c k e t s  i s  needed,  

Researchers  a t  t h e  I n s t i t u t e  o f  R e h a b i l i t a t i o n  Medicine have developed 
a  b r a c e  l i n e r  t h a t  s u p p o r t s  on ly  when an a x i a l  l o a d  i s  a p p l i e d ,  There i s  
e f f e c t i v e l y  no r e s i s t a n c e  t o  l o a d s  p e r p e n d i c u l a r  t o  t h e  f a c e s  o f  t h e  b race  
l i n e r ,  The c o n f i g u r a t i o n  of t h e  s e l f - a d j u s t i n g  b r a c e  i s  designed t o  pe rmi t  
a  s t a n d a r d  b race  t o  be used by a  v a r i e t y  o f  p a t i e n t s  w i t h  d i f f e r e n t - s i z e d  
l i m b s ,  Th is  p a r t i c u l a r  type  of s e l f - a d j u s t i n g  b r a c e  would be ve ry  
advantageous i n  below-knee f r a c t u r e s  of t h e  l e g ,  f o r  example, The c u r r e n t  
b r a c e  l i n e r  i s  made o f  Dov~ Corning S i l a s t i c  385 E l a s t o m e t e r ,  I n  i t s  p r e s e n t  
c o n f i g u r a t i o n ,  t h e  b r a c e  l i n i n g  m a t e r i a l  will n o t  w i t h s t a n d  t h e  l o a d s  
encountered when t h e  b r a c e  i s  a p p l i e d  to a p a t i e n t ,  The s i l a s t i c  m a t e r i a l  
is placed  i n  such a  f a s h i o n  t h a c  &ear  l o a d i n g  r e s u l t s  and t h e  m a t e r i a l  
tears. 

It i s  d e s i r e d  t o  o b t a i n  (1) An improved rubber t h a t  w i l l  w i t h s t a n d  
the  s h e a r  Loading imposed by t h e  present des ign  o r  ( 2 )  an in~proved approach 
t o  t h e  des ign  of  b r a c e  soclcets which w411 pern~it proper  fitting t o  d i f f e r e n t -  
s i z e d  l imbs.  

Use F a c t o r  

A s  a  r e s u l t o f  d i s c u s s i o n s  of this problem w i t h  t h e  r e s e a r c h e r ,  t h e  
team member sugges ted  t h e  use  sf a new flesorossillicone rubber  which h a s  
been r e c e n t l y  i n t r o d u c e d  c o m e r c i a l l y  by Dow Corning and General  E l e c t r i c ,  
S p e c i f i c a t i o n s  of t h e  rubher  were f u r n i s h e d  t o  the r e s e a r c h e r ,  I-Le has 
ordered  t h e b w  Corning 2332N f ' luorosi l . icoae rubber and i s  now e a ~ p l o y i n g  it 
i n  t h e  c o n s t r u t i t o n  of new s e l f - a d j u s t f n g  braces for e v a l u a t i o n ,  
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I 1  E f f e c t  of Environmental  Extremes on 3lreietaL Calciurn"  

D r .  Benjamin J. Kamrin, I n s t i t u t e  o f  R e h a b i l i t a t i o n  Medicirie 

Team Member - E r n e s t  H a r r i s o n ,  J r .  

Problem Acquired - A p r i l  1969 
Impact Made - November 1969 
Elapsed Time - 7 Months 

of Problem -.- 

The r e s e a r c h e r  i s  i n t e r e s t e d  i n  e f f e c t s  of environmental  extremes on 
s k e l e t a l  ca lc ium which may have been r e p o r t e d  i n  t h e  NASA l i t e r a t u r e .  H e  
i s  conduct ing b a s i c  r e s e a r c h  on s p i n a  b i f i d a ,  Spina  b i f i d a  i s  a  
c o n g e n i t a l  d e f e c t  i n  t h e  c l o s u r e  of t h e  s p i n a l  c a n a l ,  I ts causes  a r e  
n o t  known. Recent s u r g i c a l  procedures  and h y p e r b a r i c  oxygen the rapy  have 
prolonged t h e  l i f e  and p a t i e n t s ,  bu t  they s t i l l  r e q u i r e  an  enormous 
amount of r e h a b i l i t a t i o n ,  t i m e ,  and f a c i l i t i e s .  D r .  Kamrin i s  s e e k i n g  
i n f o r m a t i o n  on body calc ium d i s t u r b a n c e s ,  t h e i r  causes  and e f f e c t s ,  which 
might b e  c o r r e l a t e d  w i t h  s p i n a l  d e f e c t s ,  such a s  s p i n a  b i f i d a .  There 
h a s  been r e p o r t e d  t o  be body ca lc ium d i s t u r b a n c e s  observed i n  a s t r o n a u t s  
t h a t  have been a t t r i b u t e d  t o  w e i g h t l e s s n e s s .  H e  h a s  r e q u e s t e d  in format ion  
on t h e  e f f e c t s  o f  w e i g h t l e s s n e s s  and o t h e r  environmental  extremes on s k e l e t a l  
ca lc ium.  

D r .  Kamrin o r d e r e d ,  r e a d ,  and e v a l u a t e d  19 documents which were con ta ined  
i n  Search B i b l i o g r a p h i e s  No. 1706,  "'Calcium Metabolism During Weight lessness" ,  
No, 980 " E f f e c t s  of Weigh t lessness  on S k e l e t a l  Calcium", No. 1584 "Measurement 
of As t ronau t  Metabolism", and No. 1592 "'Body Chemistry Under S t r e s s " ,  

D r .  Kamrin" swork w i t h  s p i n a  b i f i d a  d i r e c t l y  i n v o l v e s  c a l c i f i c a t i o n  
p r o c e s s e s .  One of t h e  purposes  o f  t h e  s e a r c h  w a s  t o  r e v e a l  i f  ae rospace  
r e s e a r c h  had produced d a t a  which could b e  c o r r e l a t e d  w i t h  h i s  a r e a  of 
i n t e r e s t ,  i . e . ,  s p i n a  b i f i d a  i n  c h i l d r e n ,  He found much in format ion  
on c a l c i f i c a t i o n  i n  t h e  s e a r c h  a r t i c l e s ,  Much of  h i s  in fo rmat ion  was 
r a t e d  a s  b o t h  of i n t e r e s t  and v a l u a b l e ,  even though no s p e c i f i c  
c o r r e l a t i o n  between ae rospace  d a t a  on c a l c i f i c a t i o n  and c a l c i f i c a t i o n  
p r o c e s s e s  and s p i n a  b i f i d a  could  be made, 

Use F a c t o r  

The i n f ~ r m a t i o n  provided the researcher was of s p e c i f i c  use  i n  
a s c e r t a i n i n g  t h a t  d a t a  which could  p rov ide  c o r r e l a t i o n  between c a l c i f i c a t i o n  



p r o c e s s e s  and s k e l e t a l  d i s o r d e r s ,  Like s p i n a  b i f i d a ,  had n o t  been p u b l i s h e d  
in rhe a e r o s p a c e  l i t e r a t u r e .  The i n f o r m a t i o n  a l s o  had a p o t e n t i a l  u s e .  The 
r e s e a r c h e r  i s  c o n s i d e r i n g  a  r e s e a r c h  p r o j e c t  on t h e  fundamental  a s p e c t s  of t h e  
caLe i f  i c a t i o n  p r o c e s s ,  w i t h o u t  s p e c i f i c  r e l a t i o n s h i p  t o  s p i n a  b i f i d a ,  The 
i n f o r m a t i o n  from t h e  a e r o s p a c e  l i t e r a t u r e  r e l a t i n g  t o  c a l c i f i c a t i o n  will be 
u s e f u l  background and s u p p o r t i n g  i n f o r m a t i o n  f o r  t h e s e  s t u d i e s  of t h e  c a l c i f i -  
c a t i o n  p r o c e s s .  



I M P A C T  

"An Improved S p l i n t i n g  and C a s t  M a t e r i a l "  

M r .  H. Richard  Lehne i s ,  I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine 

Team Member - E r n e s t  H a r r i s o n ,  J r ,  

Problem Acquired - May 1, 1969 
Impact Made - March 24,  1970 
Elapsed Time - 10 Months 

A l i g h t w e i g h t ,  h i g h - s t r e n g t h ,  e a s i l y  f a b r i c a t e d  s p l i n t i n g  and c a s t  
m a t e r i a l  is  d e s i r e d .  Large numbers of p a t i e n t s  a t  t h e  I n s t i t u t e  of  
R e h a b i l i t a t i o n  Medicine r e q u i r e  c a s t s ,  c u s t o m - f i t t e d  s p l i n t s ,  and o r t h o t i c  
d e v i c e s .  Much of t h e  f i t t i n g  r e q u i r e s  shap ing  i n t o  complex c o n t o u r s .  Perhaps  
t h e  most widely  used and most s u c c e s s f u l  m a t e r i a l  i s  p l a s t e r  of p a r i s .  
It i s  q u i t e  time-consuming t o  c o n s t r u c t  t h e s e  i tems from p l a s t e r .  The 
f i n i s h e d  i tems a r e  r e l a t i v e l y  heavy and d i f f i c u l t  t o  keep c l e a n .  Also  t h e  
m a t e r i a l s  a r e  n o t  r e u s a b l e .  On t h e  p o s i t i v e  s i d e ,  p l a s t e r  of p a r i s  is  
inexpens ive ,  and i t s  s t r e n g t h  and r e s i s t a n c e  t o  t h e  mechanical  shock and 
t h e  t empera tu res  normal ly  encountered a r e  g e n e r a l l y  adequa te .  A l i g h t w e i g h t ,  
inexpens ive  c a s t i n g  m a t e r i a l  which c a n  be e a s i l y  f a b r i c a t e d  i n t o  i n t r i c a t e  
shapes  i s  d e s i r e d .  Var ious  p l a s t i c  m a t e r i a l s  have been marketed a s  c a s t  
and s p l i n t  m a t e r i a l s ,  b u t  none t e s t e d  t o  d a t e  have a l l  t h e  d e s i r e d  p r o p e r t i e s .  
Most a r e  expens ive ,  d i f f i c u l t  t o  form, and unable  t o  w i t h s t a n d  normal ly  
encountered d i r e c t  s u n l i g h t  and h e a t .  

When made i n t o  a  c a s t  o r  s p l i n t ,  t h e  m a t e r i a l  must have s u f f i c i e n t  s t r e n g t h  
and shock r e s i s t a n c e  t o  p r o p e r l y  s u p p o r t  t h e  p a t i e n t  and t o  w i t h s t a n d  t h e  impact 
f o r c e s  t h a t  might normal ly  be encoun te red ,  It  should  be a b l e  t o  wi ths tand  
d i r e c t  s u n l i g h t ,  h o t  w a t e r ,  and household chemica l s ,  

Use F a c t o r  

As a r e s u l t  of Biomedical  Appl-Lcation Team a c t i v i t i e s  a t  Bowman Gray 
School of Medicine,  i t  was d i scovered  that a new o r t h o p e d i c  c a s t  m a t e r i a l  
was t o  be placed on t h e  c o m e r c i a k  market  i n  the l a t e  summer of 1969,  The 
c a s t  m a t e r i a l ,  trade-named " E i t e c a s t , "  basically c o n s i s t s  s f  a s p e c i a l ,  
s o f t ,  f l e x i b l e ,  r e s i n  impregnated fiberglass t ape  which, a f t e r  winding i n  
p l a c e ,  can  be hardened irkto a r i g f d ,  n a o l s t u r e - r e s i s t a n t  cask  rasing a  s p e c i a l  



lamp wirose wavelength i s  such as t o  cure  t h e  r e s i n ,  The a~anufac tu re r  
o f  t h e  f i b e r g l a s s  tape  suppl ied  some t o  NASA or, the A p 7 1 0  program, After 
completing t h e  NASA c o n t r a c t ,  t he  manufacturer m a i n t a i n e d  i n t e r e s t  and 
developed an i m p ~ s v e d  f l e x i b l e  f i b e r g l a s s  c l o t h  which i s  used  i n  the 
" ~ i t e c a s t "  system. 

The medlcal r e sea rche r  has  ordered t h e  " L i t e ~ a s t ' b ~ s t e n ,  and i t  
i s  expected t o  f u l f i l l  a l l  t he  r e q u l r m e n t s  af t h i s  problem. 



"A Means of P r e s e t t i n g  P r o s t h e t i c  Hands t o  Grip O b j e c t s  With 
a  Desired ~ o r c e ' "  

M r .  Warren F r i s n a ,  I n s t i t u t e  o f  R e h a b i l i t a t i o n  Medicine 

Team Nember - E r n e s t  H a m i s o n ,  Jr, 

Problem Acquired - November 1969 
Impact Made - March 2 4 ,  1990 
Elapsed T i m e  - 4 Months 

D e s  c r  

Powered p r o s t h e t i c  hands t h a t  a r e  commonly a v a i l a b l e  today g rasp  
o b j e c t s  w i t h  a  f i x e d  f o r c e  which i s  f r e q u e n t l y  e i t h e r  n o t  a d j u s t a b l e  o r  
ve ry  d i f f i c u l t  t o  a d j u s t ,  Various dev ices  have been t r i e d ,  For example, 
s l i p  c l u t c h e s  a r e  sometimes i n c o r p o r a t e d  i n  t h e  d r i v e  t r a i n  so  t h a t ,  when 
t h e  hand g r a s p s  an o b j e c t ,  t h e  d r i v e  c o n t i n u e s  t o  c l o s e  t h e  hand u n t i l  t h e  
f o r c e  which corresponds t o  t h e  s l i p  c l u ~ c h  s e t t i n g  i s  exceeded,  A t  t h a t  
p o i n t ,  t h e  c l u t c h  s l i p s ,  and t h e  f o r c e  a p p l i e d  by t h e  hand remains 
c o n s t a n t .  U n f o r t u n a t e l y ,  i n  rehab2 l i t a"con  i t  i s  d e s i r a b l e  (because  o f  t h e  
v a r y i n g  t a s k s  t h a t  d i f f e r e n t  people  perform) t h a t  d i f f e r e n t  p r o s t h e t i c  
hands be capab le  of adjus tment  t o  p rov ide  d i f f e r e n t  g r a s p i n g  f o r c e s .  Th i s  
i s  n o t  e a s i l y  accomplished wi th  t h e  s l i p  c l u t c h e s  i n  u s e ,  I n  a d d i t i o n ,  
t h e  s l i p  c l u t c h e s  themselves  add mechanical  complexity and expense 
t o  t h e  hand. Other  t echn iques  have been t r i e d ,  b u t  most s u f f e r  from 
complexi ty ,  d i f f i c u l t y  of ad jus tment ,  o r  h igh  c o s t ,  What i s  d e s i r e d  i s  
a  ve ry  s imple  means o f  c o n t r o l l i n g  t he  g rasp  o f  a p r o s t h e t i c  hand s o  t h a t  
i t s  g r a s p i n g  f o r c e  does n o t  exceed a p r e s c r i b e d  l i m i t ,  

The pr imary requirements  p laced  on t h e  s o l u t i o n  t o  t h i s  problem a r e  
s i m p l i c i t y  and low c o s t ,  Complexity and accompanying bu lk  w i l l  d i scourage  
use .  I n  t h e  c l i n i c a l  s i t u a t i o n ,  even moderate ly  h igh  c o s t  w i l l  p o s i t i v e l y  
p r o h i b i t  u s e .  I n  a d d i t i o n ,  t h e  i n s t a l l a t i o n  o f  t h e  necessa ry  c o n t r o l  
c i r c u i t r y  o r  d e v i c e  must be r e l a t i v e l y  e a s i l y  accomplished t o  perrnLt 
r e t r o f i t t i n g  t o  e x i s t i n g  p r o s t h e t i c  hands ,  F u r t h e r ,  t h e  method of  
c o n t r o l  s e l e c t e d  must permit changing o f  t he  preset g r a s p i n g  f o r c e  quickby 
and e a s i l y  shou ld  t h e  requirements  o f  the  p rosc i l e t i c  hand u s e r  change,  



Use Factor -- 

The Biomedical Application Team suggested the use o f a  camercialiy 
available pressure-sensitive paint in this application, The paint, 
manuafactured by Clark Electronics, 1365 E ,  Edinger Avenue, Santa Ana, California, 
can be applied to the pads of the thumb and Forefinger (or other gripping 
surface) where it functions as a switch with the appropriate control 
circuitry, By varying the thickness ofthe paint appl-ied, " c h e  prosthetic 
hand can be made to interrupt the drive circuitry at the desired gripping 
force, The pressure-sen$itive paint has been purchased by the researcher 
andhas been successfully employed to control Lhe grasping force exerted 
by a prosthetic hand in the researcher's laboratory. The researcher 
considers this to be a very promising approach because of Its simplicity and 
Light weight, 



A ,  3. P o t e n t i a l  T rans f e r  Repores 

P o t e n t i a l  t r a n s f e r  r e p o r t s  a r e  i n c l u d e d  f o r  t w o  p o t e n t i a t  t r a n s f e r s  
a c t i v e  as of March 1 4 ,  1970: 



P O T E N T I A L  T R A N S F E R  R E P O R T  

"A F l u i d  P r e s s u r e  C a l i b r a t i o n  System" 

D r ,  George Malindzak,  Rot,sman Gray School  of Medl.c.ine 

Team Member - E r n e s t  H a r r i s o n ,  .Ire 

Problem Acquired - June  1968 
P o t e n t i a l  T r a n s f e r  I d e n t i f i e d  - December I969 
Elapsed Time - 1 8  Months 

of Problem - 

A sys tem is  r e q u i r e d  which c a n  be used t o  c a l i b r a t e  p r e s s u r e  t r a n s d u c e r s  
employed by r e s e a r c h e r s  and c l i n i c i a n s  i n  t h e i r  i n v e s t i g a t i v e  and d i a g n o s t i c  
p rocedures .  

A t  t h e  Bowman Gray School  of Medicine t h e r e  a r e  a  l a r g e  number of  p r e s s u r e  
t r a n s d u c e r s  of v a r y i n g  manufacture  and d e s i g n  t h a t  a r e  employed by i n v e s t i g a t o r s  
i n  t h e i r  r e s e a r c h  program and by c l i n i c a l  p e r s o n n e l  i n  t h e  d i a g n o s i s  and t r e a t -  
ment of p a t i e n t s ,  A s i g n i f i c a n t  q u e s t i o n  t h a t  r e c u r s  w i t h  g r e a t  f r equency  i s ,  
""Was my p r e s s u r e  t r a n s d u c e r  ma in ta ined  c a l i b r a t i o n  o r  i s  i t  now i n a c c u r a t e ? "  
Many of t h e s e  t r a n s d u c e r s  a r e  i n h e r e n t l y  f r a g i l e ;  n o n e t h e l e s s  they  r e c e i v e  s e v e r e  
h a n d l i n g  and a r e  exposed t o  h a r s h  environments ,  Consequent ly ,  t h e  accuracy  of 
a t r a n s d u c e r  i s  u s u a l l y  u n c e r t a i n  u n l e s s  i t  is  c a l i b r a t e d  b e f o r e  each use .  
S i n c e  a  c a l i b r a t i o n  f a c i l i t y  i s  n o t  a v a i l a b l e  a t  Roman Gray, no doub t  many 
t r a n s d u c e r s  a r e  used whose accuracy  i s  no longer  w i t h i n  s p e c i f i c a t i o n ,  

To a l l e v i a t e  t h i s  s i t u a t i o n  t h e  r e s e a r c h e r  d e s i r e s  t o  e s t a b l i s h  a c a l i -  
b r a t i o n  f a c i l i t y  where t h e  s t a f f  and f a c u l t y  members o f  t h e  Rotman Gray School. 
of Medicine c a n  de te rmine  t h e  a c c u r a c y  of t h e  p r e s s u r e  t r a n s d u c e r s  t h a t  a r e  
employed t o  o b t a i n  measurements i n  r e s e a r c h  and c l i n i c a l  p r a c t i c e ,  

B a s i c a l l y ,  t h e  c a l i b r a t i o n  u n i t  would c o n s i s t  of  a p r e s s u r e  wave g e n e r a t o r ,  
a n  a c c u r a t e  s t a n d a r d  t r a n s d u c e r ,  a  p r e s s u r e  chamber, and a p p r o p r i a t e  mani fo ld ing ,  
The f l u i d  w i t h i n  t h e  p r e s s u r e  chamber can be  d i s t j l l e d  w a t e r ,  Means s f  
e l i m i n a t i n g  a i r  bubbles  i n  t h e  chamber i s  n e c e s s a r y ,  because  a i r  bubbles  
s e r i o u s l y  a f f e c t  t h e  p r e s s u r e  g e n e r a t e d ,  The p r e s s u r e  g e n e r a t o r  must he 
c a p a b l e  of  g e n e r a t i n g  f l u i d  p r e s s u r e s  i n  i t s  chamber from n e a r  z e r o  t o  approx i -  
ma te ly  one atmosphere of p r e s s u r e  (x 466 r n ~  Ng g a g e ) ,  Frequency response  s f  t h e  
p r e s s u r e  g e n e r a t o r  w i t h  a  g i v e n  p r e s s u r e  ou tpu t  s h o u l d  be c o n s t a n t  ($5 p e r c e n t )  
over t h e  f requency range from 1/10 h e r t z  t o  150 hertz, 



Commercial f u n c t i o n  g e n e r a t o r s  a r e  a v a i l a b l e  f o r  use i n  t h i s  sys tem 
which have t h e  d e s i r e d  f requency response ,  I f  t h e s e  a r e  used,  a  d r i v e r  
w i t h  c h a r a c t e r i s t i c s  t a i l o r e d  t o  t h e  response  o f  t h e  s e l e c t e d  p r e s s u r e  
g e n e r a t o r  would be r e q u i r e d .  

I f  t h e  o u t p u t  f requency response  of t h e  p r e s s u r e  g e n e r a t o r  cannot  be he ld  
t o  4-5 p e r c e n t  over  t h e  f requency range from 1/10 h e r t z  t o  150 c y c l e s ,  t h e n  a 
c a l l b r a t  i o n  curve  f o r  t h e  p r e s s u r e  g e n e r a t o r  is a c c e p t a b l e .  T h i s ,  of  course ,  
is  n o t  as d e s i r a b l e  a s  a  c o n s t a n t  f requency  response .  

of P o t e n t i a l  S o l u t i o n  - 

A f l u i d  p r e s s u r e  c a l i b r a t i o n  system bas  been designed and f a b r i c a t e d  a t  
U.S. A i r  Force  School  of Aerospace Medicine,  Brooks A i r  Force  Base,  Texas. 
Th is  c a l i b r a t i o n  system was des igned t o  meet a need a t  Brooks A i r  Force  Base 
which i s  very  s i m i l a r  t o  t h e  a p p l i c a t i o n  d e s c r i b e d  i n  t h i s  problem. D e t a i l s  
of t h e  system a r e  g iven  i n  p u b l i c a t i o n  N68-25062. 

Method 

When t h i s  problem was o r i g i n a l l y  r e c e i v e d ,  a  s e a r c h  o f  t h e  a e r o s p a c e  
l i t e r a t u r e  was made. No h i g h l y  r e l e v a n t  in fo rmat ion  was found, Subsequent 
t o  t h i s  s e a r c h ,  t h e  document d e s c r i b i n g  t h e  sys tem now proposed a s  a  p o t e n t i a l  
t r a n s f e r  was pub l i shed .  The document was found and i d e n t i f i e d  by t h e  Biomedical  
A p p l i c a t i o n  Team member a s  a  r e s u l t  o f  r o u t i n e  s e a r c h i n g  o f  t h e  STAR a b s t r a c t s .  

Source of P o t e n t i a l  S o l u t i o n  

Document N68-20562 by Capta in  H ,  F ,  S t e g a l l ,  USAF, MC, and a  r e l a t e d  docu- 
ment from t h e  open l i t e r a t u r e  by t h e  same a u t h o r .  

Cur ren t  S t a t u s  

The r e s e a r c h e r  has  e v a l u a t e d  t h e  a r t i c l e  and found t h e  c a l i b r a t i o n  system 
d e s c r i b e d  h e r e i n  t o  be a n  a c c e p t a b l e  s o l u t i o n  t o  t h e  biomedical  problem. 
Attempts have been made by t h e  r e s e a r c h e r  t o  b u i l d  t h e  u n i t ,  b u t  such e f f o r t s  
have been u n s u c c e s s f u l .  

f o r  A c t u a l  T r a n s f e r  

I f  a  r e e n g i n e e r i n g  and f a b r i c a t i o n  source  can be e s t a b l i s h e d  w i t h i n  t h e  
r e s e a r c h e r ' s  c o n s t r a i n t s ,  t h e  chances  f o r  a  s u c c e s s f u l  t r a n s f e r  a r e  v i r t u a l l y  
100 p e r c e n t .  The r e s e a r c h e r  is  e a g e r  t o  implement t h i s  s o l u t i o n  and p l a c e  t h e  
sys tem i n  o p e r a t i o n  i m e d i a t e l y ,  



P O T E N T I A L  T R A N S F E R  R E P O R T  

"A R e s p i r a t i o n  Alarmii 

D r ,  August Alba ,  I n s t i t u t e  of R e h a b i l i t a t i o n  Medicine ,  N,Y,, N,Y,  

Team Member - E r n e s t  H a r r i s o n ,  J r ,  

Problem Acquired - September 
P o t e n t i a l  T r a n s f e r  I d e n t i f i e d  - November 1969 
Elapsed Time -. 2 Months 

of Problem - 
A s imple  a l a m  i s  needed t o  warn n u r s e s  i n  t h e  e v e n t  of r e s p i r a t o r  

k a i b u r e ,  

The Goldwater Memorial H o s p i t a l  of t h e  New York U n i v e r s i t y  Medical  
C e n t e r  o p e r a t e s  one of  t h e  Larges t  r e s p i r a t o r  c e n t e r s  i n  t h e  United S t a t e s ,  
Users  of t h e s e  r e s p i r a t o r s  a r e  p e m a n e n t l y  d i s a b l e d ,  e , g , ,  s t r o k e  v i c t i m s ,  
p a r a l y s i s  v i c t i m s ,  and o t h e r s  permanent ly  unable  t o  r e s p i r e  themselves  a s  a  
r e s u l t  of a c c i d e n t  o r  d i s e a s e .  T h i s  means t h a t  t h e  r e s p i r a t o r s  must be used 
on t h e  p a t i e n t s  c o n t i n u o u s l y  and f o r  long  p e r i o d s  of t i m e ,  The r e s p i r a t o r s  
have b a t t e r y - o p e r a t e d  a la rms  connected t o  t h e i r  mechanisms which f u n c t i o n  
when t h e  r e s p i r a t o r  becomes d i s a b l e d ,  The a l a r m s  a r e  n o t  f o o l p r o o f ,  however, 
because t h e  a l a r m  system i t s e l f  i s  s u b j e c t  t o  f a i l u r e ,  C i r c u i t  f a i l u r e s  can ,  and 
d o ,  o c c u r ,  I n  a d d i t i o n ,  t h e  b a t t e r i e s  t h a t  power t h e  a l a r m  system c a n  become 
J e p l e t e d  w i t h o u t  t h e  knowledge of t h e  n u r s e ,  and nlaintenance p e r s o n n e l  must 
be r e l i e d  on t o  Frisure t h a t  tire b a t t e r i e s  a r e  always a d e q u a t e ,  The r e s a l t  i s  
+ h a t  nurses  d o  no t  f u l l y  t r u s t  t h e  a l a r m  systenr, Th i s  r e s u l t s  i n  c l o s e r  
s b r v e i i i a n c e  by the aLrrses a.lnd ~ o r r e s p o n d i n g l g r  r e q u i r e s  more o r  t h e i r  t ime ,  
There have been r e p o r t e d  c a s e s  i n  which p a t i e n t s  have d i e d ,  when r e s p i r a t o r s  w i t h  
t a ~ ~ l t y  alarms become I n o p e r a t i v e ,  b e f o r e  med icaL pe rsonne l  became aware of  t h e  
s i t u a t i o n ,  A s  a  r e s u l t ,  a  s e p a r a t e  a l a m  system i s  d e s i r e d ,  independent  s f  t h e  
c e s p l r a t o r  alam, which c a n  s e n s e  when a p a t i e n t  i s  n o t  b e i n g  r e s p i r e d ,  It  
is  d e s i r e d  t h a t  t h e  a l a m  be a t t a c h e d  t o  t h e  p a t i e n t  and moni to r  some parameter  
that i s  a d i r e c t  index  of h e t h e r  t h e  p a t i e n t  is  be ing  r e s p i r e d  o r  n o t ,  Sens ing  
of even a mechan ica l  pa ramete r ,  such  as change i n  volume of the  c h e s t  w i t h  r e s -  
p i r a t i o n ,  would be accep ta -b le ,  

The a l a m  must b e  r e l i a b l e ,  It must be s e n s i t i v e  enough t o  d e t e c t  l o s s  
of r e s p i r a t i o n ,  b u t  n o t  s o  s e n s i t i v e  t h a t  f r e q u e n t  f a l s e  a l a - m s  a r e  g i v e n ,  I f  
f r e q u e n t  f a l s e  a l a m s  occur ,  t h e  u n i t  w i l l  be  tu rned  o f f  o r  ignored ,  and i t  
v i f l  serve no u s e f u l  purpose ,  Necessary  a t t a c h m e n t s  t o  t h e  p a t i e n t  must n o t  
De s o  bu lky  a s  t o  c a u s e  t h e  p a t t e n t  d i s c o m f o r t ,  I n  sum~aary, skmpiLf i ty ,  
r e l l ; b i l i t y ,  end loc7 f a l s e  alarm rate are pr lmary r e q u i r e m e n t s ,  



of P o t e n t i a l  S o l u t i o n  

Two p o t e n t i a l  s o l u t i o n s  t o  t h i s  problem have been i d e n t i f i e d .  The f i r s t  
is  a  ve ry  s imple  and r e l a t i v e l y  c rude  s o l u t i o n .  It i n v o l v e s  t h e  use  of  a  
mic roswi tch  on a n  a d j u s t a b l e  b e l t  which is p laced  around t h e  c h e s t  o f  t h e  
r e s p i r a t o r  p a t i e n t .  The b e l t  t e n s i o n  i s  a d j u s t e d  s o  t h a t  t h e  mic roswi tch  is  
c l o s e d  when t h e  p a t i e n t  e x p i r e s  and opens when t h e  p a t i e n t  i n s p i r e s .  With 
s u i t a b l e  e l e c t r o n i c  c i r c u i t r y  a n  a l a r m  can be made t o  sound i f  t h e  s w i t c h  s t a y s  
c l o s e d  f o r  a  p r e s e t  t i m e ,  t h u s  i n d i c a t i n g  r e s p i r a t o r  f a i l u r e .  T h i s  r e p r e s e n t s  
a  low-cost  approach.  Indeed ,  t h e  a t t r a c t i v e n e s s  of  t h i s  t echn ique  t o  t h e  
r e s e a r c h e r  l i e s  i n  i t s  s i m p l i c i t y  and low c o s t .  

The o t h e r  proposed s o l u t i o n  i s  more s e n s i t i v e ,  more complex, and 
c o n s e q u e n t l y ,  more c o s t l y .  It o p e r a t e s  on t h e  p r i n c i p l e  of d e t e c t i n g  t h e  
d i f f e r e n c e  i n  t empera tu re  of  t h e  incoming and o u t g o i n g  b r e a t h  of  t h e  r e s p i r a t o r  
p a t i e n t .  Because most of t h e  p a t i e n t s  a t  Goldwater Memorial H o s p i t a l  a r e  e i t h e r  
i n  " i r o n  lung" t y p e  r e s p i r a t o r s  o r  t h e  p o r t a b l e  b a l l o o n  type  r e s p i r a t o r s ,  
p o s i t i o n i n g  and maintenance of p o s i t i o n  of t h e  s e n s o r s  may w e l l  be a  s i g n i f i c a n t  
d i f f i c u l t y  i n  t r y i n g  t o  implement t h i s  approach.  

The i n v e s t i g a t o r  i s  i n t e r e s t e d  i n  t r y i n g  t h e  mic roswi tch  approach f i r s t  
because  of  i t s  low c o s t ,  s i m p l i c i t y ,  and e a s e  of f a b r i c a t i o n .  C u r r e n t  p l a n s  
a r e  f o r  t e c h n i c i a n s  a t  Goldwater Memorial H o s p i t a l  t o  f a b r i c a t e  a  u n i t  u s i n g  
t h e  microswitch approach,  T h i s  u n i t  w i l l  be e v a l u a t e d .  I f  it s u c c e s s f u l l y  p a s s e s  
t h e  e v a l u a t i o n ,  o t h e r  approaches  w i l l  n o t  be c o n s i d e r e d .  I f  i t  f a i l s  t o  meet t h e  
requ i rements ,  t h e n  f u r t h e r  c o n s i d e r a t i o n  w i l l  be g iven  t o  t h e  second approach.  

S e a r c h i n g  Method 

The f i r s t  s o l u t i o n  was found a s  a  r e s u l t  of  r o u t i n e  manual scann ing  of  
t h e  STAR b i b l i o g r a p h i e s  by t h e  team member. The second s o l u t i o n  had been 
i d e n t i f i e d  i n  c o n n e c t i o n  w i t h  p rev ious  r e s p i r a t o r  a l a r m  problems by d i s c u s s i o n s  
w i t h  NASA TU p e r s o n n e l .  

Source  of P o t e n t i a l  S o l u t i o n  

The s o u r c e  of t h e  f i r s t  s o l u t i o n  was a n  a b s t r a c t  of a  Russ ian document. 
The s o u r c e  o f  t h e  second s o l u t i o n  was Tech B r i e f  68-10365 and t h e  a s s o c i a t e d  
T e c h n i c a l  Suppor t  Packages which were r e c e i v e d  from M r .  George Edward, TUO, 
NASA, Ames Research C e n t e r .  

C u r r e n t  S t a t u s  

The r e s e a r c h e r  i s  s e e k i n g  t o  have a  u n i t  f a b r i c a t e d  us ing  t h e  microswitch 
approach.  

f o r  A c t u a l  Tra-nsf e r  

Must a w a i t  r e s e a r c h e r "  e v a l u a t i o n .  
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APPENDIX B 

B . 1  Problems Accepted 

B.2 Problems Closed 

B .  3 Problems Re jec ted  

B.4 A c t i v e  Problems 



B.1. Problems Accepted During P e r i o d  

September 1969 t o  March 1970 

* 
Problem S ta tements  c i r c u l a t e d  t o  NASA F i e l d  C e n t e r s ,  

** 
No Problem S ta tements  have been p r e p a r e d .  
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Problem Nuntber 

B.2. Problems Closed During Per iod  

September 1969 t o  March 1970 

* 
Problem Number 

RTT/WP-24 
WP-28 
WF-30 
WF-36 
WF-3 7 
WF-42 
WF-44 
WF-46 
WF-48 
WF-50 

IRM- 7 
IRM-8 
IRM-15 

UNCD-19 
UNCD-24 
UNCD-2 7 

WF-31 
WF-33 
WF-68 
WF-76 

IRM-4 
IRM-10 
IRM-16 
IRM-17 
IRM-20 
WF-65 
WF-66 

* 
Code - 

* 
S e e  Tab le  3 on page 20 . 



B. 3 .  Problems Rejected During Period 

Problem No. 
_I_e- 

WF-78 
sv-1 
TU-4 
TU- 7 

MCV-1 

September 1969 t o  March 1970 

T i t l e  - Reason* 

 rain Probe f o r  Hypothermia A 
surgery" 

"Effec ts  of Externa l  Electromagnetic D 
F i e l d  Ce l l s  I '  

1 I Temperature Control i n  Experiments on 
Small Tissue samples" A 

"Monitoring Methods f o r  In t ens ive  Care 
Unit " A 

"A Means of Inducing Localized C 
~ ~ ~ e r t h e r m i a "  

"Met hod of Pu r i fy ing  Phospho-Ribomutase" B 
" I n t r a c r a n i a l  Pressure  ~ r a n s d u c e r s "  A 
"Mu1 t ichannel  Telemetry System" E 
"Dissect ing Microscope" A 
I I  Applicat ions of Image Processing 

Techniques t o  ~ a d i o g r a ~ h y "  

A -- Solu t ion  commercially a v a i l a b l e  
B -- Aerospace technology not  r e l evan t  
C -- Beyond s ta te -of - the-ar t ;  development p ro j ec t  
D -- Low i n t e r e s t  p r i o r i t y  
E -- Problem c o n f i d e n t i a l  
F -- F a c i l i t i e s  t o  implement s o l u t i o n  n o t  ava i l ab l e  



Problem 
Number 

DU- 3 1 
DU-4 7 
DU-4 8 
DU-5 8 
DU-5 9 
D U - 6 1  

B-4 ,  S t a t u s  o f  A c t i v e  PrrobLeirs 3s o f  

p$arc'r~ 3?., 1970 

Problem 
S t a t u s  

Problem T i t l e  

R e s p i r a t o r y  Measurement During E x e r c i s e  
R e s p i r a t o r y  Gas Ana lys i s  During E x e r c i s e  
Blood P r e s s u r e  During E x e r c i s e  
Blood Flow During E x e r c i s e  
ECG During E x e r c i s e  
E x e r c i s e  Capaci ty  and S t a n d a r d i z a t i o n  During 
Human S t r e s s  Tes Ling 
Data Compression Techniques:  Sof tware  
M a t h e m a ~ i c a l  o r  Computer Methods f o r  t h e  
Determinat ion o f  M a t e r i a l  P r o p e r t i e s  o f  
Carciiac Muscle 
Automated Measurements from Coronary Angiograms 
Real Time Data A c q u i s i t i o n  During Batch 
P r o c e s s i n g  
Catheter-Mounted P r e s s u r e  Transducer 
U r e t h r a l  P r e s s u r e  Transducer  
Urine  Fl  owrne t e  r 
Urine Disposal  System 
Temperature Measurement on a Small  B r a i n  Probe 
Improved Reso lu t ion  f o r  X-ray F luoroscop ic  
Images 
Measurement of  S i n g l e  Nerve C e l l  A c t i v i t y  
S t r a i n  Measurements i n  Ligaments 
T i s s u e  Oxygen Moni tor ing During C h i l d b i r t h  
S y n t h e t i c  Resins  f o r  C e l l  S e p a r a t i o n  i n  
Lrmunologj c a l  Research 
Grooves i n  Glass f o r  C e l l  Growing 
A Body Power Energy S t o r a g e  System 
An Improved PI-exible  Lead Wire f o r  Implan tab le  
Devices 
Motion Force Ampl i f i e r  
A Means of Tracking Eye Movements While Viewing 
P r i n t e d  Mat te r ,  Geometric Forms, and P i c t u r e s  
A R e s p i r a t i o n  Alarm 
Waste Management Technique 
Small Bat tery-Operated S u c t i o n  Pump 
Improved A r t i f i c i a l  R e s p i r a t o r s  



Problem 
Number 

RTI /FICV-2 
MISC-3 
M S C - 4  
NCL-L 
NCT-"2 
NCL-3 
NCI-4 
NCI-6 
NCT-7 
NCI-8 
NCSU-9 
NTPfl--I-L 

'TU.,-L 

'TU-2 
Tll- 3 
TU-5 
TU-6 

mqc;-50 

Problem 
S t a t u s  

Rzgh lateesii ty S c f ~  X R<l;i Scirr~-r.r>:, 
Mechantsin f o r  Ope t ~ i * g  ;l;.isilir i?eir,*l e 
F r e e z i n g  idr\ L L  for SIP,, l C ~ C ) X  V ~ C L - ~ I ~  

Noise Reduc r im* in t a r n ~ r ~ a r  I lo i l  iii3 ,is 
LacratelPyi c r rva te  'ledit1 i ~ i i i c n l  f i t  tii,,u I 

Blood Press r l~e  Mea5uretnc ?r 
C01lL.i t l l lei i  kaee  o f  Tr@l"v~rl; :  i L ~ z ~ u  0 CI 

Separa tFon  of Mlite Cel i s  
Method of I'ac,r W;irniing (if a P-i-,~zi-r~ IAiqrz id  
E l l i p t i c a l  t ens  
,Analysis T e c h n i q u e s  ? t i ;  i'11yl;i o l o p k a i  D a t a  
Urinar j  on Dekec 7 ari 
Shock Wave I ? l ~ n c , r ~ i e r r i ~ n  i 

Respirats on Aat,. ? 4 / ; c n ~ l i i  c?_rve:br 

L S P C I  7 0 1 1  A Lung Soilnd D- 
* * Measr~rernenc of Ctiange E*L t~r?arl i q ~ l l  I)IIRPTIC, v n r ~ ~ ?  

Measurement o f  p i  0 0 i i i  i l i c ~ o c i  2 i ' 
Genera:! P u ~ p u s e ,  h i d l  ~ ; i i  7 l i p ,  P r ~ l c ; ~ u ~  w-5ens1; I VE.  

Muscle ?lamer  
Non-Contacrrrrg i d 0 ~ : - c > d  , >r tql,ri,;l T r ~ f d ~ > f  Po51 i ziti 

Detem~ina t r  on 
An E l e c t r o d e  f o r  Measurrng tiyarogen ion 
Concen t ra t ion  and CO P a r t i a l  P r e s s t ~ r e  i n  t h e  
Blood i s  Needed 

2 

Means o f  O b t a i n i n g  t h e  Ve loc i ty  Spectrum o f  Blood 
Flowing i n  A r t e r i e s  and Veins 
An Improved F l u i d  P r e s s u r e  C a l i b r a t i o n  System 
An Improved Method of Determining Volume 
E l a s t i c i t y  o f  Blood Vesse l s  
An Extremely Thin P r e s s u r e  Transducer  t o  Measure 
t h e  P r e s s u r e  Exer ted  on T i s s u e  by Support-Type 
Hosiery  
Improved Method of  Making Volume Ple thysmographic  
Measurements Re la ted  t o  Volume Changes i n  T i ssue  
Caused by I n f l u x  and E f f l u x  o f  Blood During t h e  
Cardiac  Cycle 
A F i l t e r  t o  S e p a r a t e  Phys io log ic  Data Occur r ing  
a t  Nominal Hear t  Rates  from Lower Frequency Data 
Automatic Cont ro l  System f o r  a T i l t  Bed 
Determinat ion o f  t h e  S i t e  o f  Bleeding i n  t h e  
I n t e s t i n e  
Assay of A m i n o  A c i d s  in t h e  Brain  



Problem 
N u d e r  -- 

Problem 
Code 
P 

Problem - T i t l e  

A Means o f  Measuring Evapora t ive  Beat  Loss from 
t h e  Sk in  
Computer P r o c e s s i n g  of Chromosome Data 
A M i n i a t u r e  I n f u s i o n  'Pump 
A Means o f  D e t e c t i n g  Turbulence i n  Blood Flowing 
i n  a Tube 
P r e v e n t i o n  of T ip  Washout i n  Dye I n j e c t i o n  
Techniques 
I d e n t i f i c a t i o n  o f  I n f r a r e d  S p e c t r a  Using Computer 
Techniques 
Reduct ion o f  Anxiety by Noncontact ing S t i m u l a t i o n  



Key t o  Problem S t a t u s  Designation 

A.  Problem Def in i t i on  

Problem d e f i n i t i o n  inc ludes  t h e  i d e n t i f i c a t i o n  of s p e c i f i e d  
technology-related problems through d iscuss ions  wi th  biomedical 
i n v e s t i g a t o r s  and t h e  p repa ra t ion  of func t iona l  d e s c r i p t i o n s  of 
problems us ing  nondisc ip l inary  terminology. 

B.  Information Searching 

Information r e l evan t  t o  a s o l u t i o n  i s  being sought by computer and/ 
o r  manual information searching .  

C .  Problem Statement Ci rcu la t ion  

An information search  has revea led  no p o t e n t i a l  s o l u t i o n s ,  and a 
problem a b s t r a c t  i s  being c i r c u l a t e d  t o  i nd iv idua l  s c i e n t i s t s  and 
engineers  a t  NASA cen te r s  and con t r ac to r  f a c i l i t i e s  t o  s o l i c i t  
suggest ions.  

D. Evaluat ion 

P o t e n t i a l l y  u se fu l  information o r  technology has been i d e n t i f i e d  
and is  being eva lua ted  by the  team and/or  t h e  problem o r i g i n a t o r .  

E.  P o t e n t i a l  Transfer  

Information o r  technology has been evaluated and found t o  be of 
p o t e n t i a l  va lue  but  has  no t  been appl ied.  

F. Follow-up Ac t iv i ty  

A technology t r a n s f e r  has been accomplished, but  f u r t h e r  a c t i v i t y  
( i . e . ,  documentation, ob ta in ing  experimental v a l i d a t i o n  of u t i l i t y ,  
cont inuing modi f ica t ion ,  e t c . )  i s  required.  



APPENDIX C 

Problem Sta tements  C i r c u l a t e d  t o  NASA F i e l d  

C e n t e r s  During t h e  P e r i o d  September 1969 t o  

March 1970. 



RTI/DU-48 
December 1969 

P R O B L E M  S T A T E M E N T  

"Urine Flowmeter" 

What is  Needed 

A flowmeter i s  requi red  f o r  measuring u r i n e  flow i n  the  u r e t e r .  

Background 

Kidney d i seases  a r e  q u i t e  va r i ed  bu t  they a t t a c k  a l l  age groups and cause 
t h e  dea th  of 60,000 Americans each year .  I n  order  t o  understand these  
d i s e a s e s ,  an improved understanding of t h e  u ro log ica l  system i s  necessary.  
One of t h e  p a r t s  of t h e  u r o l o g i c a l  system of p a r t i c u l a r  i n t e r e s t  i s  the  u r e t e r ,  
i . e . ,  t he  tubes t h a t  connect each kidney t o  t h e  bladder .  Urine flow measure- 
ments i n  t he  u r e t e r  a r e  being used i n  a r e sea rch  s tudy t o  understand u r e t e r a l  
physiology. Improved flow measurement techniques a l s o  could b e  used i n  
c l i n i c a l  s t u d i e s  of kidney,  uretera1,and bladder  d i seases .  A l l  e x i s t i n g  
techniques f o r  measuring flow i n  t h e  u r e t e r  involve c o l l e c t i n g  samples of 
u r i n e  over d e f i n i t e  i n t e r v a l s  of time and c a l c u l a t i n g  average flow r a t e s .  
These average flow measurements a r e  not s a t i s f a c t o r y  when the  p u l s a t i l e  na tu re  
of flow i n  t h e  u r e t e r  is  being s tudied .  This  p u l s a t i l e  flow of u r i n e  i s  f e l t  
t o  be very  important i n  obta in ing  a b e t t e r  understanding of u r e t e r a l  physiology. 
Urine flows through the  u r e t e r  i n  small  e l l i p s o i d a l  masses, each of which i s  
c a l l e d  a bolus.  Each bolus  leaves  the  kidney and i s  t ransmi t ted  a s  a u n i t  t o  
t h e  bladder  through t h e  u r e t e r .  Thus, a t  a given poin t  i n  t he  u r e t e r ,  an 
observer  would see  a s e r i e s  of bolus passing t h e  p a r t i c u l a r  po in t  a t  a r a t e  of 
about 1 t o  5 per  minute. This  is  t h e  na tu re  of t h e  p u l s a t i l e  flow i n  the  
u r e t e r .  

The requirement he re  i s  f o r  a technique f o r  measuring ins tan taneous  r a t e s  
of u r ine  flow i n  t h e  u r e t e r .  The t ransducer  can be used e i t h e r  i n t e r n a l l y  o r  
e x t e r n a l l y .  I f  an e x t e r n a l  t ransducer  i s  used,  t h e  flow of u r i n e  can be  
d ive r t ed  t o  a po in t  ou t s ide  the  animal 's  body us ing  a c a t h e t e r .  I f  a c a t h e t e r  
i s  used, t he  s i z e  must be l e s s  than 2 mi l l imetersso  t h a t  the flow cha rac t e r i s -  
t i c s  a r e  no t  d i s turbed .  

Requirements and Spec i f i ca t ions  

The flowmeter should measure t r a n s i e n t  u r i n e  flows of from 1 t o  100 cclmin 
with an accuracy of 4- 1%. The pressure  v a r i e s  from 0-20 mm Hg. S i ze  of t h e  
flowmeter is  not  important because the  flowmeter can be ou t s ide  the  body. 
However, i f  t h e  flowmeter i s  used i n  t h e  body,the diameter must be l e s s  than 
2 mi l l ime te r s .  

C h a r a c t e r i s t i c s  of Relevant Technology 

(Note: This s e c t i o n  i s  i l l u s t r a t i v e  only, and i s  not intended t o  b i a s  
t h e  suggest ion of p o t e n t i a l  so lu t ions . )  



Any l i q u i d  flowmeter method would be  u s e f u l ,  U l t r a son ic  doppler  tech- 
niques have been considered but  w i l l  no t  work because u r i n e  does not con ta in  
small  p a r t i c l e s ,  Electromagnetic techniques might work i f  improved sens i -  
t i v i t y  over e x i s t i n g  commercial u n i t s  can be  found. 
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P R O B L E M  S T A T E M E N T  

"Improved R e s o l u t i o n  f o r  X-ray F luoroscop ic  Images" 

What i s  Needed 

Improvement i n  image q u a l i t y  and r e s o l u t i o n  i s  d e s i r a b l e  i n  medical  
X-ray f luoroscopy .  Improvement i n  convenience of u s e  and a  lower X-ray 
dose  t o  t h e  p a t i e n t  a r e  a l s o  h i g h l y  d e s i r a b l e .  

Background 

The u s e  of X-rays t o  examine i n t e r n a l  s t r u c t u r e  of t h e  body i s  one of 
t h e  fundamental  t echn iques  i n  c l i n i c a l  medicine  and any improvement would 
have obvious and immediate importance.  Although s t r i k i n g  changes i n  X-ray 
s o u r c e s  a r e  expected e v e n t u a l l y  ( i . e . ,  h i g h  i n t e n s i t y  f l y i n g - s p o t  X-ray 
t u b e s ,  o r  c o h e r e n t  s o u r c e s  o f  X-rays),  i t  i s  t h e  imaging and d i s p l a y  system 
which i s  t h e  s u b j e c t  of t h i s  problem s t a t e m e n t .  

E x i s t i n g  medica l  X-ray examinat ions  u s e  one of t h e  f o l l o w i n g  image 
d i s p l a y s :  ( I )  image fo rmat ion  on photographic  f i l m ,  o f t e n  backed by a 
phosphorescent  s c r e e n ;  (2)  image formed d i r e c t l y  on a phosphorescent  s c r e e n  
( o r  f l u o r o s c o p i c  s c r e e n )  f o r  d i r e c t  viewing; (3)  image formed on a  f l u o r e s -  
c e n t  s c r e e n  fol lowed by an  e l e c t r o n i c  image i n t e n s i f i e r .  Radiography, t h e  
u s e  of X-ray f i l m ,  h a s  v e r y  h i g h  image q u a l i t y  and r e s o l u t i o n  b u t  i s  n o t  
s u i t e d  f o r  fo l lowing  time-dependent e v e n t s  and i n t r o d u c e s  d e l a y s  through t h e  
n e c e s s a r y  f i l m  p r o c e s s i n g .  D i r e c t  f l u o r o s c o p i c  s c r e e n  examinat ions  u s e  
s imple ,  r e l i a b l e ,  r e l a t i v e l y  inexpens ive  a p p a r a t u s ,  b u t  must b e  performed i n  
a  d a r k  room by a dark-adapted p h y s i c i a n  and r e q u i r e  h i g h  p a t i e n t  X-ray doses .  
E l e c t r o n i c  image i n t e n s i f i c a t i o n  of t h e  f l u o r o s c o p i c  s c r e e n  image permi t s  
o b s e r v a t i o n  of time-changing e v e n t s  wi thou t  t h e  n e c e s s i t y  f o r  p r i o r  dark- 
a d a p t a t i o n  and u s e s  t o l e r a b l e  t o t a l  X-ray doses ,  b u t  t h e  a p p a r a t u s  is  complex, 
expens ive ,  and bulky.  The image i n t e n s i f i e r  t u b e  r e s t r i c t s  t h e  a r e a  of 
examinat ion t o  a  9-inch d iamete r  c i r c l e ,  and r e s t r i c t s  t h e  p h y s i c i a n ' s  move- 
ments and a c c e s s  t o  t h e  p a t i e n t .  

The r e s e a r c h e r s  have asked a  g e n e r a l  q u e s t i o n  concerning t h e  p o s s i b i l i t y  
of any improvement i n  image q u a l i t y  i n  i m a g e - i n t e n s i f i e d  f luoroscopy ,  T h e i r  
q u e s t i o n  was asked i n  t h e  c o n t e x t  of h e a r t  c a t h e t e r i z a t i o n ,  angiography,  and 
g e n e r a l  o b s e r v a t i o n  of t ime-varying p r o c e s s e s ,  b u t  p o s s i b l e  improvements i n  
radiography should a l s o  be  of s t r o n g  i n t e r e s t  t o  them, 

For medica l  imaging a p p l i c a t i o n s ,  a  l a r g e  s e n s i t i v e  a r e a  ( p r e f e r a b l y  
12-inch d iamete r  o r  g r e a t e r )  and h i g h  s e n s i t i v i t y  t o  X-rays ( t y p i c a l  energy 
60 KeV) a r e  d e s i r e d ,  The t i m e  c o n s t a n t  f o r  image b u i l d u p  may v a r y  depending 
on the s p e c i f i c  a p p l i c a t i o n ,  b u t  should n o t  be  l o n g e r  t h a n  one second, 
S i a r p l i c i t y ,  compactness,  e a s e  of u s e ,  and low c o s t  p e r  examination a c e  aLI 
d e s i r a b l e .  Dose r a t e  t o  t h e  p a t i e n t  should be minimized,  



Estimates  of r a d i a t i o n  l e v e l  and r e s o l u t i o n  i n  cu r r en t  p r a c t i c e  a r e  
suppl ied  he re  only a s  rough guide l ines :  dose r a t e  of 2-17 roentgen/minute 
f o r  3-10 minutes examination period i n  d i r e c t  f l uo roscop ic  screen  examina- 
t i o n s ,  wi th  a  dose r a t e  reduct ion  by f a c t o r s  10-100 f o r  image i n t e n s i f i e r  
use; and t y p i c a l  r e s o l u t i o n  d i s t ances  of lom3 mm f o r  f  i l rn  and 0.5-1.0 m f o r  
f luoroscopic  screens .  I f  c lo sed -c i r cu i t  TV d i s p l a y  of t h e  f i n a l  image i s  
used , the re  i s  f u r t h e r  image degradat ion by t h e  s tandard 525-line system. 

For Fur ther  Information. Contact 
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P R O B L E M  S T A T E M E N T  

" S y n t h e t i c  Res ins  f o r  C e l l  S e p a r a t i o n  i n  Immunological ~ e s e a r c h "  

'What i s  Needed 

A method i s  needed f o r  s e p a r a t i n g  from a  heterogeneous  c e l l  p o p u l a t i o n  
on ly  t h o s e  c e l l s  c a p a b l e  of c e r t a i n  immune r e s p o n s e s  t o  v a r i o u s  a n t i g e n s .  
A proposed approach would u s e  a  s y n t h e t i c  r e s i n  o r  o t h e r  a p p r o p r i a t e  m a t e r i a l  
a s  a  s u b s t r a t e  on to  which an a n t i g e n  could  b e  adsorbed;  u t i l i z i n g  t h e  
phenomenon of immunoadherence, t h e  d e s i r e d  c e l l  s e p a r a t i o n  may b e  a c h i e v a b l e  
on t h e  b a s i s  of t h e  s p e c i f i c  g r a v i t y  of t h e  s y n t h e t i c  r e s i n .  I n  s h o r t ,  t h i s  
i s  a  m a t e r i a l s  problem and t h e  r e s e a r c h e r s  want a n  a p p r o p r i a t e  m a t e r i a l  t o  
t r y .  The p r o p e r t i e s  of t h e  m a t e r i a l  a r e  g iven  i n  t h e  "Requirements and 
~ ~ e c i f i c a t i o n s "  s e c t i o n  of t h i s  problem s t a t e m e n t ,  and t h e  immunological 
a s p e c t s  are p r e s e n t e d  immediately below. 

Background 

Immunology i s  t h e  s c i e n c e  d e a l i n g  w i t h  t h e  phenomena and c a u s e s  of 
immunity. The t r a n s p l a n t  r e j e c t i o n  phenomena of such concern i n  t h i s  age  of 
h e a r t  and kidney t r a n s p l a n t s  a r e  d i f f e r e n t  m a n i f e s t a t i o n s  of t h e  same under- 
l y i n g  immune r e a c t i o n  phenomena upon which t h e  f a m i l i a r  p r e v e n t a t i v e  innocula-  
t i o n s  a g a i n s t  d i s e a s e s  a r e  based.  For a l l  t h e  p r a c t i c a l  s u c c e s s e s  of immu- 
nology,  a  t r u e  unders tand ing  of immune r e a c t i o n  p r o c e s s e s  a t  t h e  c e l l u l a r  
and t h e  molecu la r  l e v e l s  i s  only  now beginning t o  emerge. The c e l l  s e p a r a t i o n  
method of t h i s  problem s t a t e m e n t  i s  needed f o r  b a s i c  r e s e a r c h  on an t igen-  
a n t i b o d y  r e a c t i o n s  i n v o l v i n g  a  s p e c i f i e d  an t ibody;  a t  p r e s e n t  t h e  r e s e a r c h e r s  
cannot  avoid  d e a l i n g  w i t h  a  h e t e r o g e n e i t y  of a n t i b o d i e s .  

Fundamental terms a r e  a n t i g e n  and an t ibody .  An a n t i b o d y  i s  any of a  
number of body g l o b u l i n s  ( a  c l a s s  of p r o t e i n s )  normal ly  p r e s e n t  o r  produced i n  
response  t o  t h e  a d m i n i s t r a t i o n  ( d e l i b e r a t e  o r  a c c i d e n t a l )  of a n t i g e n s ,  Antigen 
is  a  g e n e r a l  term deno t ing  any th ing  which can cause  an t ibody  = e r a t i o n ;  
a n t i g e n s  a r e ,  i n  e f f e c t  f o r e i g n  s u b s t a n c e s  from t h e  body ' s  v iewpoin t  and a n t i -  
b o d i e s  a r e  p a r t  of t h e  body 's  d e f e n s e  mechanism a g a i n s t  f o r e i g n  s u b s t a n c e s ,  
There  i s  h i g h  s p e c i f i c i t y  of an t ibody  response ,  w i t h  on ly  c e r t a i n  a n t i b o d i e s  
r e a c t i n g  w i t h  a  g iven  a n t i g e n  and o t h e r  a n t i b o d i e s  responding t o  d i f f e r e n t  
a n t i g e n s ,  (This  i s  n o t  a b s o l u t e  a s  a n t i b o d i e s  do c r o s s - r e a c t  w i t h  v a r i o u s  
a n t i g e n s .  C r o s s - r e a c t i v i t y  i s  based upon chemical  s i m i l a r i t y  of t h e  a n t i g e n s  
w i t h  more s i m i l a r i t y  implying more c r o s s - r e a c t i v i t y  and v i c e  v e r s a . )  The 
response  o r  r e a c t i o n  i t s e l f  i s  v a r i e d ,  b u t  i n  g e n e r a l  t h e  s p e c i f i c  an t igen-  
an t ibody  r e a c t i o n s  l e a d  t o  modif ied subsequent  h i s t o r i e s  f o r  t h e  v a r i o u s  
a n t i g e n s ,  Ant ibod ies  a r e  found a s  g l o b u l i n s  c i r c u l a t i n g  i n  blood serum and 
a l s o  a s  a  s u r f a c e  component of v a r i o u s  lymphoid c e l l s .  Ant ibod ies  a r e  
produced by lymphoid-derived c e l l s  i n  v a r i o u s  o rgans ,  i n  p a r t i c u l a r  t h e  s p l e e n ,  
Lymph nodes ,  and bone marrow. 

I n  t h e  problem a t  hand, we a r e  i n t e r e s t e d  i n  a n t i b o d i e s  p r e s e n t  on t h e  
s u r f a c e  of lymphoid c e l l s ,  a n t i b o d i e s  which might be  produced i n  response  t o  
a number of p o t e n t i a l  a n t i g e n s .  The i n v e s t i g a t i o n  i s  concerned w i t h  s e p a r a t i o n  
from t h e  g e n e r a l  lymphoid p o p u l a t i o n  t h o s e  c e l l s  having an t ibody  s p e c i f i c i t y  

1 2 2  



f o r  only one an t igen .  The r e sea rche r s  a r e  at tempting t o  make use  of a  
phenomenon c a l l e d  immunoadherence f o r  t h i s  s epa ra t ion .  I n  t h i s  system a 
d e s i r e d  c e l l  i s  i d e n t i f i e d  by the  adherence t o  i t s  s u r f a c e  of p a r t i c l e s  
onto whose su r f aces  have been incorporated t h e  an t igens  of i n t e r e s t .  

I n  t he  method now under i n v e s t i g a t i o n ,  t h e  mouse i s  the  experimental  
animal and t h e  an t igen  wi th  which t h e  mouse i s  immunized is  the  sheep red 
blood c e l l  ( ca l l ed  SRBC h e r e i n a f t e r ) .  I n  response t o  an i n i t i a l  i n j e c t i o n  
of SRBC, t h e  mouse genera tes  an t ibod ie s  s p e c i f i c  t o  t h e  an t igens  a t  t h e  
SRBC s u r f a c e  (unfor tuna te ly  s e v e r a l  an t igens  a r e  simultaneously p re sen t  i n  
t he  SRBC; t h i s  he te rogenei ty  of an t igen  i s  t h e  p r i n c i p a l  drawback). Four t o  
t e n  days a f t e r  t h e  i n i t i a l  i n j e c t i o n  the  mouse i s  k i l l e d  and t h e  white  blood 
c e l l s ,  o r  leukocytes ,  a r e  ex t r ac t ed  from its sp leen .  When t h e s e  leukocytes  
a r e  mixed with more SRBC, t h e  leukocytes  car ry ing  SRBC-specific an t ibod ie s  
form r o s e t t e s  through immunoadherence; a  r o s e t t e  c o n s i s t s  of one mouse 
sp l een  leukocyte with a number of SRBCs, perhaps 10-15, d i s t r i b u t e d  over 
i ts  su r f ace .  A s i n g l e  SRBC i s  a biconcave d i s k  5 microns i n  diameter and a 
micron o r  two th i ck ;  and a  leukocyte i s  roughly s p h e r i c a l ,  7-20 microns 
diameter ,  with t h e  r o s e t t i n g  leukocytes  of i n t e r e s t  being 12-14 microns i n  
diameter .  The s p e c i f i c  g r a v i t y  of SRBC i s  g r e a t e r  than  t h a t  of t he  leukocyte 
and a  p a r t i a l  s epa ra t ion  of r o s e t t i n g  leukocytes  from t h e  background popula- 
t i o n  of m i l l i o n s  of i n d i f f e r e n t  leukocytes  can be  a ~ h i e v e d l , ~  by cent r i fuga-  
t i o n  i n  a  discont inuous dens i ty  g rad ien t .  A complete s epa ra t ion  i s  des i r ed ;  
t h e  r e sea rche r s  have a  f u t u r e  s e r i e s  of experiments t o  perform wi th  
leukocytes  f r e e  of a  s p e c i f i c  antibody and another  s e r i e s  t o  perform using 
leukocytes  guaranteed (by having r o s e t t e d )  t o  have a  s p e c i f i e d  ant ibody present .  

One reason t h a t  t h e  above method i s  no t  s a t i s f a c t o r y  is  t h a t  t h e  separa- 
t i o n  is  i n e f f i c i e n t  and incomplete and depends s t rong ly  upon f a c t o r s  d i f f i c u l t  
t o  con t ro l .  Resul t s  vary  even by using bovine serum albumin (one of t he  
m a t e r i a l s  which can be  used t o  form the  discont inuous dens i ty  g rad ien t )  from 
d i f f e r e n t  commercial sources.  A more fundamental ob jec t ion  i s  t h e  hetero-  
gene i ty  of SRBC a s  an t igen;  a  s epa ra t ion  of leukocytes  i s  needed based on s in -  
gle def ined  an t igens .  A modif ica t ion  of t h e  method i s  des i red  us ing  a  sub- 
s t i t u t e  f o r  SRBC which would have a  high s u r f a c e  adsorpt ion f o r  a  number of 
d i f f e r e n t  s i n g l e  an t igens ,  and the  s p e c i f i c  g r a v i t y  of t h i s  s u b s t i t u t e  i s  a s  
s p e c i f i e d  below t o  permit g r e a t e r  ease  of s epa ra t ion  fol lowing c e n t r i f u g a t i o n  
( t h e  s u b s t i t u t e  m a t e r i a l  w i l l  f l o a t  above t h e  leukocytes) .  I f  an  appropr i a t e  
s u b s t i t u t e  can be  found, probably a  p l a s t i c  o r  s y n t h e t i c  r e s i n ,  and a  complete 
c e l l  s epa ra t ion  can be then achieved,  the  u l t i m a t e  r e s u l t  w i l l  b e  a  very c l ean  
and convincing set of experiments capable of confirming o r  r e j e c t i n g  b a s i c  
t h e o r i e s  i n  immunology. 

Requirements and Spec i f i ca t ions  

The goa l  is  a  s u b s t r a t e ,  probably a  s y n t h e t i c  r e s i n ,  which has high s u r f a c e  
a d s o r g t i v i t y  f o r  s i n g l e  an t igens  and whose phys i ca l  c h a r a c t e r i s t i c s  ( s p e c i f i c  
g r a v i t y  i n  p a r t i c u l a r )  l ead  t o  subsequent s epa ra t ion  of t he  an t igen-spec i f ic  
antibody-carrying leukocytes  from the  remainder of t h e  mouse sp leen  leukocytes .  
Some of t h e  c h a r a c t e r i s t i c s  of t h e  des i r ed  m a t e r i a l  a r e :  

~ K . A .  Dicke, J.I.M. Van Hooft, and D.W. Van Bekkum, 5 -....* 6 562, 
(1968) . 

2 ~ .  Moav and T.N. Har r i s ,  ' 9  - 128, 407 (1968). 
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1, I t  should be c a p a b l e  of fo rmat ion  i n t o  mic rospheres  abou t  
5 microns  i n  d iamete r  and uniform i n  s i z e  t o  w i t h i n  a  micron 
o r  two; 

2 .  It must b e  p o s s i b l e  t o  adsorb  o n t o  t h e  s u r f a c e  ( o r  e l s e  r e a c t  
o n t o  s i d e g r o u p s )  of t h e  mic rosphere  m a t e r i a l ,  a  v a r i e t y  of 
a n t i g e n s , 3  such  as p r o t e i n s  l i k e  b o v i n e  o r  human albumin; 

3 .  The microspheres  must be r e l a t i v e l y  impermeable wi th  a n t i g e n  
a d s o r p t i o n  o n l y  a t  t h e i r  s u r f a c e s ;  

4 .  The m a t e r i a l  must have uniform e l e c t r i c a l  charge c h a r a c t e r i s t i c s ;  
5.  The microsphere  m a t e r i a l  must b e  b o t h  b i o l o g i c a l l y  and a n t i -  

g e n i c a l l y  i n e r t ,  p e r m i t t i n g  e v e n t u a l  t r a n s f e r  t o  l i v i n g  mice  and 
caus ing  no r e a c t i o n s  i t s e l f  f o r  up t o  two months; 

6 .  The s p e c i f i c  g r a v i t y  of t h e  f i n i s h e d  microspheres  must be i n  t h e  
range  1.002 t o  I,OP2; and 

7 .  The mic rospheres  must be dispersable initial2 y i hrougbout t h e  
p h y s i o l o g i c a l  culture medium con~aining the leukocytes in order 
t o  g ive  ~ h e  specific antibody-carrying Leukocyt~s of interesL an 
opportunity- fur s u r f a c e  T~m~moadherence, 

Solid glass beads have many of the properties a.bove except for their 
s~ccif ic .  gravity of about 2-20, if uniform hollow glass spheres were a-iiai.lah%e 
wi ~h t i l e  desired specific gravity, they might solve the problem, The d i s - .  
c u s s i o n  has assumed tha,t specific. gravity w i l l  form the basis of the separntiori 
h i i t  o tl-ier p u s s i ' b : i i i t i e s  might exist. While physical. .  size migl-ii-  be a p o s s i b i l i  t:y, 
p l c i i m i r i a r y  attempts t o  separate rosettes from backgrauad leukocytes by using 
Xillipore f i l t e r s  have n o t  been promising.  

For F u r t h e r  In format ion ,  Contact  

George S. Hayne, Ph.B. 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North C a r o l i n a  27709 
919-549-8311 Ext .  531 

3 
U s e f u l  g e n e r a l  m a t e r i a l  on molecular  a s p e c t s  of a n t i g e n s  and on 
chemical  immunology i s  g i v e n  by M. S e l a ,  Sc ience ,  166, 1365 ( 1 2  Dec, i969)  
and by E. A. Kabat ,  S t r u c t u r a l  i n  Immunology and Innunochemistry 
( B o l t ,  R inehar t  and Winston, New York, 19(;8). 



RTI/NCI-I 
August 1969 

P R O B L E M  S T A T E M E N T  

"Noise Reduction i n  Laminar Flow Rooms" 

What i s  Needed 

Noise abatement methods and low no i se  f ans  a r e  requi red  f o r  laminar 
flow rooms used f o r  p a t i e n t  i s o l a t i o n .  

Background 

The Nat iona l  Cancer I n s t i t u t e  is  conducting a  vigorous program t o  
f i n d  the  causes and cure  f o r  cancer ,  a  major cause of death i n  t h i s  country. 
One of t he  approaches used i s  chemotherapy, o r  the  use  of drugs t o  cause 
remission of e x i s t i n g  cancers .  P a t i e n t s  r equ i r ing  t h i s  t reatment  a r e  u sua l ly  
weak and more s u s c e p t i b l e  t o  o the r  d i seases  than normal p a t i e n t s .  A s t e r i l e  
environment would h e l p  t o  combat t h i s  problem a s  w e l l  a s  i nc reas ing  t h e  
p a t i e n t  t o l e r ance  t o  antitumor drugs with regard t o  incidence of i n f e c t i o n .  
A s t e r i l e  environment can be produced by a  laminar flow room which i s  equipped 
wi th  s t e r i l i z i n g  agents  i n  the  f i l t e r  system. 

The e x i s t i n g  laminar flow rooms were designed t o  be i n s t a l l e d  i n s i d e  
s tandard h o s p i t a l  rooms, which al lows maximum f l e x i b i l i t y  i n  t h e  use  of t h e s e  
rooms. This des ign ,  however, r equ i r e s  t h a t  t he  blower f ans  be  i n s i d e  t h e  
p a t i e n t ' s  room, which c r e a t e s  a  no i se  problem. A hea t ing  and a i r  condi t ioning 
consul t ing  engineering f i rm has  added convent ional  no i se  abatement procedures 
such a s  foam padding i n  duc ts ,  a d ischarge  muff le r ,  and v i b r a t i o n  i s o l a t o r s  
on t h e  motors. However, even with these  add i t i ons ,  t h e  r e s u l t i n g  noise  l e v e l  
i s  i n t o l e r a b l e .  

Requirements and Spec i f i ca t ions  

The e x i s t i n g  n o i s e  l e v e l  i s  shown i n  the  a t tached  graph. 

Noise abatement procedures a r e  des i r ed  which w i l l  reduce t h e  noise  l e v e l  
from the  e x i s t i n g  Noise C r i t e r i o n  50 t o  Noise C r i t e r i o n  30. Noise C r i t e r i o n  30 
i s  defined a s  approximately 50 dec ibe l s  a t  100 Hz and 26 dec ibe l s  a t  10,000 Hz. 
The dec ibe l s  a r e  r e l a t i v e  t o  0.0002 dynes/cm2. The a i r  v e l o c i t y  output v a r i e s  
between 30 f t /min .  and 90 f t /min .  and the  blower capac i ty  i s  2,000 cu. f t /min .  
a t  a  s t a t i c  head of one inch of water .  A c e n t r i f u g a l  f an  i s  used, and a f a n  
which produces lower no i se  l e v e l s  i s  des i r ed .  

(Note: This  s e c t i o n  is  i l l u s t r a t i v e  only ,  and i s  not  intended t o  b i a s  
o the r  avenues of approach.) 

One poss ib l e  approach would be  t o  reduce t he  n o i s e  by design of r o t o r  b lades  
t h a t  would not  produce a s  high a n o i s e  Level a s  p re sen t ly  e x i s t s .  



References 

A computerized literature search of NAsA9s aerospace information bank 
has been performed, and the below-listed references were identified which 
appear to be applicable to the problem. However, many relevant references 
may not have been identified by this means, and any additional suggestions 
will be appreciated. 

1. N69-21730 - "Characteristics of Noise Generated by Ducted Pro- 
pellers and Fans,"by D. H. Hickey. 

2. N69-11546 - "~uct-~ining Materials,"by R. A. Manearotty, Alan B. 
Marsh, and E. Feder. 

3 .  N65-28547 - "Decreasing the Noise Level of Centrifugal Fans," 
by G. Khoroshev and Y. I. Petrov. 

For Further Information, Contact 

F. Thomas Wooten, Ph.D. 
Research Triangle Institute 
P, 0 .  Box 12194 
Research Triangle Park, 
North Carolina 27709 
919-549-8311 Exti 368 



Ex i s  t ing  
no i se  l e v e l  

Desired 
no i se  l e v e l  

100 1000 LO,  000 

PREQUENC Y I N  HERTZ 



RTI/NCP-2 
October 1969 

P R O B L E M  S T A T E M E N T  

"Lac ta te /Pyruva te  Measurement i n  Blood" 

What is  Needed 

A r a p i d  method of measuring t h e  l a c t a t e  o r  pyruva te  c o n c e n t r a t i o n  i n  
t h e  blood i s  r e q u i r e d .  

Baclcnround 

Leukemia, a major  cause  of d e a t h ,  i s  a d i s e a s e  which i s  c h a r a c t e r i z e d  
by an  u n u s u a l l y  h i g h  number of w h i t e  b lood c e l l s .  Many forms of t h e  d i s e a s e  
e x i s t ,  b u t  n e a r l y  a l l  forms have a r a p i d  o n s e t  of symptoms. 

The N a t i o n a l  Cancer I n s t i t u t e  i s  conduct ing a v i g o r o u s  program t o  f i n d  
t h e  c a u s e s  and c u r e s  f o r  t h i s  d i s e a s e .  I n  t h e  c l i n i c a l  phase  of t h i s  program, 
a problem e x i s t s  i n  t h e  p r e v e n t i o n  of shock. I f  n o t  d e t e c t e d  e a r l y  enough, 
shock can cause  s e r i o u s  i n f e c t i o n  which i s  a major problem i n  leukemia p a t i e n t s ,  
Thus,  a need e x i s t s  f o r  an  a c c u r a t e  i n d i c a t o r  of t h e  o n s e t  of shock s o  t h a t  
c o r r e c t i v e  measures can be taken.  

One measure of t h e  o n s e t  of shock i s  t h e  pyruva te  o r  t h e  l a c t a t e  concen- 
t r a t i o n  i n  t h e  blood.  Both l a c t a t e  and p y r u v a t e  and i n t e r m e d i a t e  p roduc t s  
i n  t h e  metabolism of ca rbohydra tes  and p r o t e i n s .  The c o n c e n t r a t i o n  of l a c t a t e  
and pyruva te  i n  t h e  blood i s  a measure of t h e  oxygen a v a i l a b i l i t y  t o  t h e  t i s s u e .  

E x i s t i n g  methods f o r  measurement of t h e s e  o r g a n i c  compounds a r e  inadequa te  
because  of t h e  long a n a l y s i s  t imes  r e q u i r e d .  The u s u a l  wet chemis t ry  method 
h a s  been r e p l a c e d  i n  t h e  l a s t  few y e a r s  by a n  enzymatic method b u t  a time of 
45 minu tes  i s  s t i l l  r e q u i r e d  which i s  inadequa te .  

Requirements and S p e c i f i c a t i o n s  

A method is  r e q u i r e d  which a l l o w s  measurements w i t h i n  5-10 minutes  bu t  
p r e f e r a b l y  an  on- l ine  system. Normal p rocedures  i n v o l v e  t a k i n g  5 m l  blood 
w i t h  l a c t a t e  l e v e l s  of 9-15 mg% and pyruva te  l e v e l s  of 0.39-0.86 mg%. 

For F u r t h e r  In format ion ,  Contact  

F .  Thomas Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P ,  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North C a r o l i n a  27709 
919-549-8311 E x t .  368 



RTI/NCI-3 
October 1969 

P R O B L E M  S T A T E M E N T  

"Blood Pressure  ~easu remen t "  

What is Needed 

A new method of measuring blood p re s su re  i s  requi red .  

Background 

Leukemia, a major cause of dea th ,  i s  a d i s e a s e  which i s  cha rac t e r i zed  
by an unusual ly high number of whi te  blood c e l l s .  Many forms of t h e  d i sease  
e x i s t ,  bu t  nea r ly  a l l  forms have a r ap id  onse t  of symptoms. 

The National  Cancer I n s t i t u t e  i s  conducting a vigorous program t o  
f i n d  t h e  causes and cures  f o r  t h i s  d i sease .  I n  t h e  c l i n i c a l  phase of t h i s  
problem, a problem e x i s t s  i n  t h e  prevent ion of shock. I f  no t  de t ec t ed  e a r l y  
enough, shock can cause s e r i o u s  i n f e c t i o n  which is  a major problem i n  leukemia 
p a t i e n t s .  Thus, a need e x i s t s  f o r  an accu ra t e  i n d i c a t o r  of t h e  onse t  of shock 
s o  t h a t  c o r r e c t i v e  measures can be taken. 

One important  measure of t h e  onse t  of shock i s  a reduct ion  i n  blood 
pressure .  Blood p re s su re  is  def ined  a s  t he  p re s su re  exer ted  by t h e  blood 
w i t h i n  t h e  a r t e r i e s .  The two p re s su res  of i n t e r e s t ,  s y s t o l i c  and d i a s t o l i c ,  
a r e  t h e  maximum and minimum pres su res  exerted by t h e  p u l s a t i l e  pumping of t h e  
h e a r t .  

The primary method f o r  measuring blood p re s su re  i s  t h e  sphygmomanometer 
which is  a cuff  placed around t h e  upper arm. The microphone end of t h e  
s te thoscope  i s  placed under t h e  cuff and over t h e  b r a c h i a l  a r t e r y  near  t h e  
f o l d  of t h e  arm. The cuff i s  i n f l a t e d  t o  a p re s su re  which i s  h igher  than blood 
p re s su re  and is  then slowly reduced. When t h e  cuff  pressure  reaches the  
s y s t o l i c  pressure ,  a pu l se  i s  heard i n  t he  s tethoscope.  When t h e  cuff  pressure  
i s  reduced s t i l l  f u r t h e r  t o  t he  d i a s t o l i c  pressure ,  t he  pulse  sounds drop 
sharp ly .  

The cuff method is  unsu i t ab l e  f o r  continuous monitoring of blood pres- 
s u r e  because of t h e  need f o r  repea ted  i n f l a t i o n  of t he  cuff which d i s t u r b s  a 
p a t i e n t .  

Requirements and Spec i f i ca t ions  

Amethod of monitoring blood p re s su re  on a continuous b a s i s  i s  requi red  
f o r  bed p a t i e n t s .  The method should not  s i g n i f i c a n t l y  d i s t u r b  t h e  p a t i e n t .  
The p re s su re  range of i n t e r e s t  is  0-2000 mm Hg and a s e n s i t i v i t y  of from 
5-10 mm Hg i s  required.  An invas ive  technique ( i . e . ,  one which punctures  t he  
sk in )  is  considered undes i rab le .  

FOP Fur ther  Information, Contact 

F. Thomas Wooten, Ph.D. 
Research Tr iangle  I n s t i t u t e  
P. 0 .  Box 12194 
Research Tr iangle  Park, North Carol ina 27709 



RTI/NCI-4 
November 1969 

P R O B L E M  S T A T E M E N T  

"Controlled Rate of Freezing A Liquid" 

What i s  Needed 

A method is requi red  f o r  de t ec t ing  the  onse t  of f r eez ing  of whi te  c e l l s  
and then increas ing  t h e  h e a t  t r a n s f e r  r a t e  during t h e  r e l e a s e  of l a t e n t  h e a t  
so t h a t  a  nea r ly  cons tan t  f r eez ing  r a t e  can be  maintained. 

Background 

Leukemia, a  d i sease  which k i l l s  about 15,000 Americans annual ly ,  i s  
cha rac t e r i zed  by a  p r o l i f e r a t i o n  of t h e  t i s s u e  which forms white  blood c e l l s .  
Although t h e  whi te  c e l l s  i n  t he  blood can e i t h e r  i nc rease ,  decrease ,  o r  remain 
cons tan t  i n  number, t h e  bone marrow where t h e  c e l l s  a r e  formed w i l l  p r o l i f e r a t e .  

Treatment of leukemia involves k i l l i n g  t h e  cancerous white  blood c e l l s  
i n  the  blood and i n  t h e  bone marrow using drugs o r  r a d i a t i o n .  This process  
can cause l o s s  of a l l  bone marrow so t h a t  normal white  c e l l  product ion cannot 
occur ,  

When t h i s  l o s s  of bone marrow occurs ,  whi te  c e l l s  must be resuppl ied  t o  
t h e  p a t i e n t .  For t h i s  purpose a  bank o r  s t o r a g e  f a c i l i t y  of white  c e l l s  i s  
requi red .  This is  impossible  a t  p resent  because adequate s to rage  procedures 
a r e  unavai lab le .  Although red c e l l s  can b e  preserved by f r eez ing ,  white  c e l l s  
a r e  now destroyed by t h e  e x i s t i n g  f r eez ing  and thawing procedures.  One impor- 
t a n t  parameter i n  f r eez ing  white  c e l l s  i s  be l ieved  t o  be the  r a t e  of f r eez ing .  
Rate of f r eez ing  cannot a t  p resent  be  con t ro l l ed  because of t h e  p l a t eau  i n  
cool ing  r a t e  when t h e  l a t e n t  hea t  i s  r e l eased  a t  t h e  f r eez ing  p o i n t .  

The p re sen t  method f o r  f r eez ing  is  a l i q u i d  n i t rogen  system which cools  
a  secondary l i q u i d  which i n  t u r n  cools  t h e  c e l l s  contained i n  a f l a t  Teflon 
bag. To prevent  contamination of t h e  c e l l s ,  i t  i s  d e s i r a b l e  t h a t  any new 
technique u t i l i z e  a  Teflon conta iner .  

The b a s i c  requirement i s  t o  have a  method of de t ec t ing  the  onse t  of 
f r eez ing  and then inc reas ing  t h e  h e a t  t r a n s f e r  r a t e  during the  r e l e a s e  of l a t e n t  
hea t  so  t h a t  a  nea r ly  cons tan t  r a t e  of f r e e z i n g  can be maintained from room 
temperature t o  -50°C. 

Requirements and Spec i f i ca t ions  

The u n i t  should be  capable of f r eez ing  100 m i l l i l i t e r s  of white  c e l l s  a t  
a  constant  r a t e  which can be va r i ed  from 1 t o  10°C/min. The thermodynamic 
p r o p e r t i e s  of white  c e l l s  a r e  not known b u t  a good approximation is  t h a t  they 
a r e  s i m i l a r  t o  water.  The f r eez ing  po in t ,  t h e  only parameter we l l  known, 
v a r i e s  from -5OC t o  -20°C depending on the  p a r t i c u l a r  sample. 



For Fur ther  Information, Contact 

F. Thomas Wooten, Ph.D. 
Research Tr iangle  I n s t i t u t e  
P. 0. Box 12194 
Research Tr iangle  Park, 
North Carol ina 27709 
919-549-8311 Ext. 368 



RTI/NC I- 6 
December I969 

P R O B L E M  S T A T E M E N T  

" S e p a r a t i o n  of White C e l l s "  

What is Needed 

A method of s e p a r a t i n g  w h i t e  c e l l s  of human blood as a  f u n c t i o n  of s i z e  
o r  d e n s i t y  is  r e q u i r e d .  

Leukemia, a  d i s e a s e  which k i l l s  abou t  15,000 Americans a n n u a l l y ,  is  
c h a r a c t e r i z e d  by a  p r o l i f e r a t i o n  of  w h i t e  blood c e l l  forming t i s s u e .  E f f o r t s  
t o  f i n d  t h e  c a u s e  and c u r e  of t h i s  d i s e a s e  a r e  i m p o r t a n t ,  n o t  on ly  because  of 
t h e  d i s e a s e  d e a t h  r a t e ,  b u t  because  t h e  d i s e a s e  is  t h e  on ly  form of  c a n c e r  
t h a t  can  be c o n t i n u o u s l y  s t u d i e d  ( i . e . ,  r e p e a t e d  blood samples c a n  be t a k e n  
b u t  r e p e a t e d  samples of s o l i d  tumors c a n n o t ) .  Thus, u n d e r s t a n d i n g  leukemia 
w i l l  p rov ide  a  v i t a l  key t o  u n d e r s t a n d i n g  c a n c e r .  

P a r t  o f  t h e  d i f f i c u l t y  i n  unders tand ing  leukemia i s  t h e  f a c t  t h a t  a  poor 
u n d e r s t a n d i n g  e x i s t s  o f  t h e  r o l e  of t h e  v a r i o u s  blood c o n s t i t u e n t s  a s  w e l l  a s  
t h e  c o n s t i t u e n t s  of  t h e  blood-forming organs .  These c o n s t i t u e n t s  a r e  c e l l s  
which can  be c o n s i d e r e d  t o  be s p h e r e s  w i t h  a b o u t  10-20 microns  d i a m e t e r .  The 
c e l l s  a r e  a l l  v e r y  s i m i l a r  i n  s p e c i f i c  g r a v i t y  (1.06 t o  1 .08) .  

A method is  r e q u i r e d  of s e p a r a t i n g  t h e  c e l l s  a c c o r d i n g  t o  s i z e  o r  d e n s i t y  
such  t h a t  a n  undamaged q u a n t i t y  o f  each c a t e g o r y  o f  c e l l s  is  r e t a i n e d .  The 
e x i s t i n g  methods f o r  t h i s  s e p a r a t i o n  i n c l u d e  s e d i m e n t a t  i o n  and c e n t r i f u g i n g .  
Sed imenta t ion  c o n s i s t s  of a l l o w i n g  t h e  c e l l s  t o  s e t t l e  i n  a  v i s c o u s  medium 
c o n t a i n e d  i n  a one-foot  deep t a n k .  Th i s  t echn ique  produces  a n  i n s u f f i c i e n t  
number of c e l l s ,  Centrifuging methods now e x i s t i n g  do not allow suf f i r  i e n t  t y  
f tic saparation of cells, 

ii new separation method or an improved centrifuging ~airitf iod i-s r r e q u i r e d .  

Blood consists of red cells, white cells, platelets, and plasma, Two 
methods for studying these elements exist, and they are (1) examining the whole 
f?'Lonci santpfe  under a microscope, and (2) separating the blood into four elements 
iiy ccint:i:Cfuging or seditnentation, The first method is u s e f u l  for obtaining 
p o p i ~ L a t i o n s  of the blood, b u t  the second methood mast be u s e d  when undamaged 
ia~i;ipIes of blood  elements a r e  desired, The second nethood cce.ti-ifuging or sed i - .  
n~en 'La t lon ,  can a l l o w  separatton of the blood into the f o u r  components: red 
cc.l ..,-a,, l o  :*~E_~ite cellsg platel.ets, and plasma, i n  addition, filter tcch~niqa~kz can 

' .I 
i i ~ ( 7 1 . 1  fiirtlrer separation of white c e l l s  into three c a t e g o r i e s  (rnunocytes , 
1 g i n p h r ; ~ : ; ~ t e s ~  and grsncila,c:ytes), :Jnfot~turia:-~l.y, gwaniiloeyten and rrronocytes a r e  
t . i 6 a c  .~. . 4 ,  cjy;;<l u.s i f i g  t h i s  approac1.1 . - , [ -caving tt-.?: 1 y m l J h v ~ y t t 3 $ ,  ~~~t~ p s ~ t  of 

;;rcrb:iii:r is to separate f-hese three c a t e g o r i e s  of white c e l l s  rsithhoiit destroy-i-ng 
. ~ 

:.[I-. c.. E.'i,. , 

1.32 



The func t ions  of g ranulocytes  a r e  not completely known, but i t  i s  known t h a t  
they inges t  b a c t e r i a  and thus a r e  used i n  f i g h t i n g  i n f e c t i o n .  Granulocytes 
o r i g i n a t e  i n  t he  bone marrow but  l a t e r  pass  i n t o  t h e  blood s t ream. Another 
p a r t  of t h i s  problem i s  t o  s e p a r a t e  t h e  granulocyte  i n t o  t h e  var ious  s t a g e s  
of matur i ty .  Granulocytes o r i g i n a t e  a s  myeloblasts  and progress  i n  a  con- 
t inuous manner t o  t h e  f i n a l  form. However, d e f i n i t e  s t a g e s  of t h e  t r a n s f o r -  
mation a r e  recognized and ca tegor ized .  The c a t e g o r i e s  a r e  a s  fol lows:  myeloblast ,  
promyelocyte, myelocyte, metamyelocyte, granulocyte .  The d i f f e r e n c e s  i n  these  
c a t e g o r i e s  a r e  l i s t e d  i n  t he  a t tached  t a b l e ,  a l though c e r t a i n  gene ra l i za t i ons  
can be made about t h e  c e l l s  a s  they approach ma tu r i t y .  These d i f f e r e n t i a t i o n s  
a r e  a s  fol lows:  

Cytoplasmic 
Loss of b a s o p h i l l i a  - Immature c e l l s  a r e  deeply b a s o p h i l l i c ,  
( i . e . ,  s t a ined  by bas ic  dye) .  This  i s  l o s t  wi th  ma tu r i t y .  
Granules - Immature c e l l s  have only a  few and they a r e  r ed .  
Number increases  and one type of g ranule  [basoph i l l i c ,  eosino- 
p h i l l i c  ( s t a ined  by a c i d  dye) ,  n e u t r o p h i l l i c ,  ( s ta ined  by n e u t r a l  
dye) 1 w i l l  predominate i n  matur i ty .  

Nuclear 
Cytochemistry - Immature nucleus is  round o r  ova l  wi th  h igh  
nucleus cytoplasm r a t i o .  Reduction i n  number of n u c l e o l i  occur .  
Mature c e l l s  may have no n u c l e o l i .  
Shape - Nucleus becomes lobed. Of two young c e l l s ,  t h e  o l d e r  is  
the one showing more dev ia t i on  from oval  nucleus.  

C e l l  S i ze  
Mature c e l l  becomes smal le r .  Also nuc l ea r  condensat ion is  g r e a t e r  
which means mature c e l l  has  smal le r  r e l a t i v e  nucleus.  

Thus t h e  second p a r t  of t h e  problem is  t o  s e p a r a t e  a  sample of granulocytes  
i n t o  the var ious  c a t e g o r i e s  which r ep re sen t  var ious  s t ages  of matur i ty .  

C e  11 Membrane 

Nucleolus 

Chromatin 
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The method should a l l o w  c o l l e c t i o n  o f  abou t  0 . 1  c u b t c  c e n t i m e t e r  of each 
c a t e g o r y  of c e l l s .  I f  t h e  c e l l s  a r e  c a t e g o r i z e d  by s i z e ,  each c a t e g o r y  should 
i n c l u d e  a one-micron range  (e .g . ,  10 t o  11, 11 t o  12,  12 t o  13,  e t c . ) .  I f  t h e  
c e l l s  a r e  c a t e g o r i z e d  by s p e c i f i c  g r a v i t y ,  each c a t e g o r y  should i n c l u d e  a 
s p e c i f i c  g r a v i t y  range  of 0.002 (e .g . ,  1.062, 1.062 t o  1.064, e t c . )  

F. Thomas Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  Park ,  
North C a r o l i n a  27709 
919-549-8311 Ext .  368 



S m a r y  of t h e  c h a r a c t e r i s t i c s  of some blood and bone marrow c e l l s  

-- 
C e l l  S i z e  (D) Nucleus N u c l e o l i  Cytoplasm N / C  r a t i o  Comments 

Myeloblast  10-20 Large,  o v a l  o r  round; 2 - 5 , d i s t i n c t  Spa r se  no g r a n u l e s  7 : l  Usua l ly  does n o t  show c l e a r  p e r i n u c l e a r  
t h i n  membrane ; s t i p p l e d  deep ly  b a s o p h i l i c  h a l o  a s  i n  l ymphob la s t ,  n o r  i s  
o r  f i n e l y  r e t i c u l a t e d  chromat in  a s  c o a r s e  a s  i n  lympho- 
chromat in ;  s p a r s e ,  b l a s t  nuc l eus  ; i n  pa t h o l o g i c  p r o l i f e r a -  
s h a r p l y  demarcated t i o n  t h e s e  c e l l s  may be ve ry  l a r g e  
parachromat in  (macromyeloblasts)  o r  a b o u t  t h e  s i z e  

of  young lymphocytes (micrornyeloblas t s )  ; 
l a t t e r  e a s i l y  mi s t aken  f o r  lymphocytes,  
b u t  mic romye lob la s t  c o n t a i n s  f i n e r  
ch roma t in .  

Promjrelocyte 14-20 Large,round o r  o v a l ;  1-3, n o t  a s  Spa r se ,  b a s o p h i l i c  5 : l  
t h i n  membrane; chromatin prominent  b u t  n o t  a s  i n t e n s e  
n e t l i k e  w i t h  some clump- a s  i n  mye lob la s t  
i n g  nex t  t o  n u c l e o l i ;  
parachromat in  s p a r s e  

I--" 
W 
bl Myelocyte 10-18 I n d i s t i n c t  when c e l l  0-1, Moderate, h e a v i l y  2 : l  

a  . N e u t r o p h i l i c  h e a v i l y  g r a n u l a t e d ;  i n d i s t i n c t  g r a n u l a t e d  ; g r a n u l e s  
b  .Eos inoph i l i c  chromat in  f a i r l y  c o a r s e ;  may obscure  nuc l eus  
c  . Basoph i l i c  parachromat in  s p a r s e  

D i s t i n g u i s h e d  from m y e l o b l a s t  c h i e f l y  
by p re sence  of g r a n u l e s  and from l a t e r  
c e l l s  by s m a l l  number of g r a n u l e s ;  a t  
t imes  g r a n u l e s  l a r g e  and round,  b u t  
u s u a l l y  f i n e  and i r r e g u l a r  

Most h e a v i l y  g r a n u l a t e d  of  blood c e l l s ;  
g r a n u l e s  may be p u r p l i s h  a t  e a r l y  
s t a g e  of  development ,  l a t e r  d i f  f e r e n -  
t i a t e  i n t o  b a s o p h i l i c ,  e o s i n o p h i l i e  , 
o r  n e u t r o p h i l i c  

Metamyelocyte 10-18 Kidney-shaped, heavy 0 F a i r l y  abundant  ,p ink-  1.5 : 1 
a  .Neu t roph i l i c  n u c l e a r  membrane ; i s h ;  c o n t a i n s  s p e c i f i c  I n d e n t a t i o n  of  n u c l e u s  i n d i c a t e s  

b.EosinophiEic chromat in  c o a r s e ;  g r e a t e r  m a t u r i t y ;  g r a n u l e s  of g r a n u l e s  s m a l l e r  and 
c .  Basoph i l i c  parachromat in  s p a r s e  more v a r i a b l e  i n  s i z e  n e u t r o p h i l i c  metamyelocy t e s  va ry  i n  

t h a n  i n  myelocyte s i z e ;  i n  e o s i n o p h i l i c  o r  b a s o p h i l i c  
c e l l s  g r a n u l e s  remain  l a r g e  and 
u s u a l l y  obscu re  nucLear  o u t l i n e  



C e l l  S i z e  (N) Nuc l e u s  N u c l e o l i  Cytoplasm N / C  r a t i o  Comments 

Band g ranu locy te  10-15 Sausage o r  band-shaped; 0 Abundant, p i n k i s h ;  1:2 Nucleus may be c o n s t r j c t e d  a t  one o r  
a  . N e u t r o p h i l i c  c o a r s e ,  deep ly  s t a i n i n g  c o n t a i n s  s p e c i f  is more p o i n t s  b u t  a s  long  a s  t h e r e  i s  
b.  Eos i noph i  l i c  p u r p l e  chromat in ;  para-  g r a n u l e s ,  f i n e  when v i s i b l e  ch roma t in  between n u c l e a r  
c .  BasophLlic chromat in  very  s c a n t y  n e u t r o p h i l i c  membranes c e l l  c a l l e d  band form; when 

nuc l eus  fo lded  b u t  c o n s t r i c t i o n  n o t  
v i s i b l e  should  be c l a s s i f i e d  a s  a 
band form; n u c l e a r  o u t l i n e  i n  baso-  
p h i l i c  and e o s i n o p h i l i c  c e l l s  u s u a l l y  
obscured by g r a n u l e s  

Granulocyte  10-15 Lobules of dense chro-  0 Abundant,  p i n k i s h ;  3:1 P re sence  of one o r  more t h i n  f i l a m e n t s  
a .Neu t roph i l i c  ma t in  connected by one c o n t a i n s  s p e c i f i c  i d e n t i f i e s  c e l l  a s  segmented 
b  .EosLnophi.lic o r  more t h i n  f i l a m e n t s  g r a n u l e s  g r a n u l o c y t e ;  n e u t r o p h i l i s  g r a n u l e s  
c  .Basophi l ic  ve ry  f i n e ,  w h i l e  e o s i n p h i l i c  and 

b a s o p h i l i c  g r a n u l e s  l a r g e  and round,  
obscu r ing  t h e  n u c l e u s  

I--" 
W 
0\ Lyazlphocyte 6-18 Round o r  o v a l ,  s l i g h t l y  0 S k y b l u e o r m e d i u m  5:1-2:1 

o r  deeply  indented;chro-  b l u e ,  c l e a r  and Vary i n  s i z e ,  c h i e f l y  due t o  v a r i a t i o n  
m a t i n  i n  c o a r s e  clumps g l a s s y  i n  amount of  cytop1asm;sky-blue c l e a r  

cy toplasm c h a r a c t e r i s t i c  

Monoc y t e  12-18 Indented  o r  f o l d e d ,  d e l i -  
0 

Gray o r  g ray  b l u e ,  4 : l  One h e l p f u l  f e a t u r e  i s  t h a t  monocyt i c  
c a t e , p a l e  s t a i n i n g  opaque ; c o n t a i n s  ve ry  nuc l eus  s t a i n s  much l i g h t e r  t h a n  

f i n e  p ink  g r a n u l e s  s i m i l a r  c e l l s  



RTI/NCI-7 
January 1970 

P R O B L E M  S T A T E M E N T  

"Method of F a s t  Warming of a  Frozen Liquid"  

What is  Needed 

A method i s  r e q u i r e d  f o r  t h e  f a s t  warming of f r o z e n  w h i t e  blood c e l l s .  

Leukemia, a  d i s e a s e  which k i l l s  abou t  15,000 Americans a n n u a l l y ,  i s  
c h a r a c t e r i z e d  by a  p r o l i f e r a t i o n  of t h e  t i s s u e  which forms w h i t e  blood c e l l s .  
Treatment of leukemia invo lves  k i l l i n g  t h e  cancerous  w h i t e  blood c e l l s  i n  t h e  
blood and i n  t h e  bone marrow s o  t h a t  normal w h i t e  c e l l  p roduc t ion  cannot  
occur .  

When t h i s  l o s s  of bone marrow o c c u r s ,  w h i t e  c e l l s  must be r e s u p p l i e d  t o  
t h e  p a t i e n t  from a  bank o r  s t o r a g e  f a c i l i t y  of whi te  c e l l s .  Th i s  is imposs ib le  
a t  p r e s e n t  because  adequa te  s t o r a g e  procedures  a r e  u n a v a i l a b l e .  One p a r t  of 
t h e  s t o r a g e  problem i s  a  c o n t r o l l e d  f r e e z i n g  method which i s  t h e  s u b j e c t  of 
problem number ~ ~ 1 / ~ ~ 1 - 4 , " M e t h o d  of C o n t r o l l e d  Rate  of Cool ing i n  Liquids ."  
The second p a r t  of t h e  s t o r a g e  problem is t h e  warming o r  thawing of t h e  f r o z e n  
w h i t e  blood c e l l s  which i s  t h e  s u b j e c t  of t h i s  problem s t a t e m e n t .  

One impor tan t  parameter  i n  t h e  s u c c e s s f u l  warming of c e l l s  is b e l i e v e d  
t o  be t h e  r a t e  of t empera tu re  change. Researchers  b e l i e v e  t h i s  because e x p e r i -  
ments w i t h  s p l e e n  c e l l s  have i n d i c a t e d  t h a t  v e r y  f a s t  warming r a t e s  can  s i g n i f i -  
c a n t l y  i n c r e a s e  t h e  y i e l d  o r  s u r v i v a l  r a t e  of f r o z e n  c e l l s .  

The p r e s e n t  method f o r  warming c e l l s  is  an  i n f r a r e d  h e a t i n g  system f o r  
t h e  c e l l s  c o n t a i n e d  i n  a  f l a t  T e f l o n  bag. (To preven t  con tamina t ion  of t h e  
c e l l s ,  i t  i s  d e s i r a b l e  t h a t  any new techn ique  a l l o w  t h e  use  o f  a  Tef lon  con- 
t a i n e r . )  Th i s  i n f r a r e d  system is  u n s u i t a b l e  because t h e  c e l l s  a r e  n o t  warmed 
uniformly nor  f a s t  enough. 

Because of t h e  h i g h  r a t e  of thermal  energy t r a n s f e r  r e q u i r e d ,  i t  i s  
u n l i k e l y  t h a t  any system u t i l i z i n g  conduc t ion  a s  t h e  major  mode of h e a t  
t r a n s f e r  w i l l  be s u f f i c i e n t .  A sys tem u s i n g  r a d i a n t  h e a t i n g  o r  microwave 
h e a t i n g  appears  t o  be t h e  most l i k e l y  u s e f u l  approach.  

The b a s i c  requirement  i s  t o  have a  method of r a p i d l y  and uniformly warming 
0 

a  volume of f r o z e n  l i q u i d  from -150 C t o  room tempera tu re .  Theornethod should 
be capab le  of warming a  2Q-milliliter volume of c e l l s  from -150 C t o  room 
tempera tu re  i n  one minute .  The thermodynamic p r o p e r t i e s  of w h i t e  c e l l s  a r e  n o t  
known, but  a  good approximat ion i s  t h a t  they a r e  s i m i l a r  t o  wa te r .  
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APPENDIX D 

Problem Sta tements  Prepared  During 

P e r i o d  September 1969 t o  March 1970. 





Problem Sta tements  Prepared  During P e r i o d  

September 1969 t o  March 1970 

This  appendix c o n t a i n s  Problem Sta tements  f o r  a l l  problems accep ted  
d u r i n g  t h e  r e p o r t i n g  p e r i o d  w i t h  t h e  e x c e p t i o n s  o f  NCI-8, IRM-25, and 
MISC-3 which have n o t  been p repared  and w i t h  t h e  e x c e p t i o n s  o f  DU-48, 
DU-61, DU-67, N C I - 1 ,  NCI-2, NCT-3, NCT-4, NCI-6, and NCI-7 which were 
c i r c u l a t e d  t o  NASA F i e l d  Cen te r s  and a r e  p r e s e n t e d  i n  Appendix C ,  



RTI/WF-73 
September 1969 

P R O B L E M  S T A T E M E N T  

"Determination of the S i t e  of Bleeding i n  t h e  I n t e s t i n e "  

What i s  Needed 

A means i s  des i r ed  t o  determine the  l o c a l  s i t e  a t  which bleeding i n  t h e  
i n t e s t i n e  i s  occurr ing ,  when evidence of such b leeding  i s  e s t ab l i shed .  

The d e t e c t i o n  of bleeding i n  t h e  g a s t r o i n t e s t i n a l  (GI) t r a c t  can be 
accomplished by a n a l y s i s  of t h e  s t o o l ,  providedthe r a t e  of b leeding  i s  
s u f f i c i e n t l y  high.  Location of t h e  exac t  po in t  i n  t h e  g a s t r o i n t e s t i n a l  
t r a c t  from which the  blood i s  i s s u i n g ,  however, i s  a  much more d i f f i c u l t  
t a sk .  This problem is pr imar i ly  concerned wi th  i d e n t i f i c a t i o n  and l o c a l i -  
za t ion  of t h e  b leeding  s i t e  so  t h a t  c o r r e c t i v e  measures can be implemented. 
One technique which has  been employed i s  t o  i n j e c t  a  c o n t r a s t  ma te r i a l  i n t o  
t h e  blood c i r c u l a t i o n  and take  an X-ray of t h e  g a s t r o i n t e s t i n a l  t r a c t .  
This  method r equ i r e s  b ip lane  X-ray photographs f o r  l o c a l i z a t i o n  and, 
f u r t h e r ,  i s  use fu l  only i n  cases  where severe  b leeding  occurs .  

Various r e sea rche r s  have i n v e s t i g a t e d  techniques f o r  monitoring blood 
flow i n  t h e  G I  t r a c t .  One method* which has  been used wi th  some success  
i n  d e t e c t i n g  impaired i n t e s t i n a l  blood flow employs minia ture  Geiger Muller 
tubes t o  moni&r r a d i o a c t i v i t y  a f t e r  in t ravenous  admin i s t r a t i on  of 
r ad ioac t ive  K . 

There a r e  two approaches which could be used i f  a  r ad ioac t ive  ind ica to r  
is chosen a s  t h e  means of l o c a l i z a t i o n  of t h e  s i t e  of bleeding.  F i r s t ,  a  
d e t e c t o r  capable of r e g i s t e r i n g  t h e  counts from the  s i t e  where t h e  
bleeding occurs  can be a t tached  t o  a  cord o r  tubing,  and t h e  d e t e c t o r  
p o s i t i o n  can be l o c a l i z e d  by X-ray procedures.  Second, a  free-ranging 
te lemeter ing  capsule  can be swallowed. I n  t h i s  case ,  a  means of l o c a l i z a t i o n  
of t h e  capsule  is a l s o  required.  The problem, the re fo re ,  c o n s i s t s  of two 
p a r t s :  (1) de t ec t ion  of blood i n  t he  g a s t r o i n t e s t i n a l  t r a c t  and (2)  
l o c a l i z a t i o n  of t h e  s i t e  from which blood i s  i ssu ing .  Loca l iza t ion  
of t h e  b leeding  s i t e  i s  des i red  t o  w i th in  one cent imeter .  

* 
Klaus J. B, Meckeler, Sidney J. Malawer, and Benjamin T. Jackson, "A Method 

For Detect ing Impaired Local Blood Flow i n  t h e  Tntact I n t e s t i n e , "  Gastroen- 
te ro logy ,  V.  5 2 ,  No, 1, Jan. 1967, pp. 42-49, 



While t h e  i l l u s t r a t i v e  m a t e r i a l  i n  t h i s  problem s t a t e m e n t  p r i m a r i l y  
d e s c r i b e s  an approach u s i n g  r a d i o a c t i v e  i n d i c a t o r  i n  t h e  b lood ,  o t h e r  
d e t e c t i o n  and l o c a l i z a t i o n  methods may be  s u p e r i o r ,  Consequent ly ,  such 
s u g g e s t i o n s  a r e  encouraged.  

For F u r t h e r  I n f o r m a o n ,  Contac t  

E r n e s t  H a r r i s o n ,  Jr. 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  Park ,  
North C a r o l i n a  27709 
919-549-8311 Ext . 3 7  6 



RTIIWF-74 
January 1970 

P R O B L E M  S T A T E M E N T  

"Assay of Amino Acids i n  Brain Tissue' '  

What is  Needed 

Improved methods of measuring amino a c i d  concent ra t ion  i n  t h e  b ra in  
a r e  needed, 

The normal human body metabol izes  t h e  chemical compounds requi red  f o r  
normal growth and development of a l l  t i s s u e s ,  inc luding  t h e  b ra in .  On 
occasion,  however, t h e  metabol ic  process  is  upse t  so t h a t  chemical r eac t ions  
occur  t o  produce abnormal compounds o r  abnormal amounts of  normal compounds. 
These devia t ions  i n  body chemistry appear i n  t h e  blood and the  t i s s u e s ,  and 
a r e  f requent ly  exc re t ed  i n  t h e  ur ine .  Detect ion of an abnormal compound, 
o r  assay of a normal compound i n  abnormal amounts, is  t h e  primary means 
whereby these  metabol ic  e r r o r s  a r e  diagnosed. 

The importance of t h e  s tudy of amino ac id  metabolism i s  underscored 
by t h e  f a c t  t h a t  a number of d i seases  causing mental r e t a r d a t i o n  a r e  known 
t o  be r e l a t e d  t o  dev ia t ions  i n  amino a c i d  metabolism. It i s  thought by 
r e sea rche r s  t h a t  many d i seases  which have no t  been d i f f e r e n t i a t e d  from t h e  
l a r g e r  group of h e r e d i t a b l e  causes of mental r e t a r d a t i o n  w i l l  eventua l ly  
be c o r r e l a t e d  with abnormal i t ies  i n  a s i n g l e  amino ac id .  

One of t he  known metabol ic  e r r o r s  a s soc i a t ed  with mental r e t a r d a t i o n  
is  phenylketonuria.  I n  phenylketonuria ,  an enzyme i n  t h e  l i v e r ,  
phenylalanine hydroxylase, i s  present  i n  reduced amounts. Normally, 
phenylalanine hydroxylase converts  t h e  amino a c i d ,  phenylalanine,  t o  tyros ine .  
A s  a r e s u l t ,  the  absence of t h e  enzyme phenylalanine hydroxylase causes t h e  
amino ac id  phenylalanine t o  be metabolized i n  an a l t e r n a t i v e  fash ion .  
This  a l t e r n a t e  metabol ic  process  produces products not  normally found i n  
t h e  blood o r  u r ine ,  i . e . ,  phenylpyruvic a c i d ,  phenylace t ic  a c i d ,  
0-hydroxyphenylacetic a c i d ,  phenylacetylglutamine, and poss ib ly  o the r  
compounds. 

Children with t h i s  d i sease  do no t  develop normally,  They do not  
hold up t h e i r  heads,  s i t ,  walk,or t a l k  i n  t h e  normal t ime, Their  
growth r a t e s  a r e  lower than normal, and they have de fec t ive  muscle tone.  
Other symptoms exh ib i t ed  inc lude  abnormal behavior ,  muscle hype r ton ic i ty ,  
decreased tendon r e f l e x e s ,  hyperk ines is ,  t remors,  and s e i z u r e s .  The 
b ra in  damage can be severe  enough t h a t  s p a s t i c  d i p l e g i a  ( s p a s t i c  p a r a l y s i s  
o f  t he  Legs) a l s o  occurs .  



Other  d i s e a s e s  i n  v h i c h  amino a c i d  imbalance i s  observed  a r e  
(1) Hartnup d i s e a s e ,  ( 2 )  branched-chain k e t o a c i d u r i a  o r  maple sy rup  
d i s e a s e ,  (3) H i s t i d i n e m i a  , (4)  G l y c i n u r i a  , (5) Cys t a t h i o n u r i a ,  
(6) A r g i n i n o s u c c i n i c  a c i d u r i a ,  (7) C i t r u l l i n u r i a ,  (8) Hyperammonemia, 
(9) DOPA-uria, (10) Lowe's syndrome, and (11) Homocyst inur ia ,  

S i g n i f i c a n t  r e s e a r c h  is  b e i n g  expended f o r  t h e  c a r e  and t r e a t m e n t  
of m e n t a l l y  r e t a r d e d  c h i l d r e n ,  Great  improvements have been and a r e  
be ing  made i n  c a r e  and t r e a t m e n t  of t h e s e  p a t i e n t s .  P r e v e n t i o n  of menta l  
r e t a r d a t i o n  must,  however, come from t h e  i n f o r m a t i o n  g e n e r a t e d  i n  b iochemica l  
r e s e a r c h .  

One i n t e r e s t i n g  f a c e t  o f  t h e  s t u d y  of amino a c i d  metabolism i s  t h a t  
t h e  amino a c i d  c o n c e n t r a t i o n  v a r i e s  w i t h i n  t h e  body. S p e c i f i c a l l y ,  
t h e  amino a c i d  c o n c e n t r a t i o n  i n  t h e  b r a i n  is g r e a t e r  t h a n  t h e  c o n c e n t r a t i o n  
of amino a c i d s  i n  t h e  blood plasma, which i s  t h e  s o u r c e  o f  amino a c i d s  
f o r  t h e  b r a i n  t i s s u e .  Consequent ly ,  a s s i m i l a t i o n  o f  amino a c i d s  from t h e  
blood plasma by t h e  b r a i n  t i s s u e  must be  accomplished a g a i n s t  t h e  
c o n c e n t r a t i o n  g r a d i e n t .  Th i s  d i f f e r e n c e  i n  amino a c i d  c o n c e n t r a t i o n  h a s  
been a t t r i b u t e d  t o  a  "blood-brain b a r r i e r . "  The r e s e a r c h e r  is s e e k i n g  
t o  c h a r a c t e r i z e  t h e  t r a n s p o r t  o f  amino a c i d s  a c r o s s  t h i s  "blood-brain 
b a r r i e r " .  The s t u d y  is  a  b a s i c  i n v e s t i g a t i o n  i n t o  t h e  n a t u r e  and o p e r a t i o n  
of t h e  "blood-brain b a r r i e r "  from a biochemical  s t a n d p o i n t .  L i t t l e  i s  
now known about t h e  "blood-brain b a r r i e r " ,  and i t  r e p r e s e n t s  a  gap i n  
fundamental  knowledge. 

I n  o r d e r  t o  s t u d y  t h i s  phenomenon more p r e c i s e l y ,  improved methods 
f o r  a s s a y i n g  amino a c i d s  a r e  d e s i r e d .  The r e s e a r c h e r  i s  aware o f  c u r r e n t l y  
employed c l i n i c a l  t echn iques  and poses  t h i s  problem t o  a s c e r t a i n  i f  more 
s e n s i t i v e ,  more a c c u r a t e ,  o r  more e a s i l y  performed t e c h n i q u e s  amenable t o  
t h i s  problem have been developed i n  t h e  ae rospace  program. 

Assay of amino a c i d s  i s  a d i f f i c u l t  chemical  p r o c e s s .  To perform 
t h e  amino a c i d  measurement r e q u i r e d  by t h e  r e s e a r c h e r  r e q u i r e s  a  
s i g n i f i c a n t  amount o f  t i m e .  The r e s e a r c h e r  is  i n t e r e s t e d  i n  o b t a i n i n g  
improved t echn iques  f o r  a s s a y i n g  t h e  c o n c e n t r a t i o n  o f  amino a c i d s  i n  t h e  
b r a i n .  

E r n e s t  H a r r i s o n ,  Jr.  
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North Caro l ina  27709 
919-549-83 11 Ext . 37 6 



RTE/WP-76 
October  1969 

P R O B L E M  S T A T E M E N T  

"High Frequency P r e s s u r e  Transducers"  

What i s  Needed 

A p r e s s u r e  t r a n s d u c e r  i s  r e q u i r e d  w i t h  a f requency response  h i g h e r  
t h a t  t h a t  o f  commercially a v a i l a b l e  biomedical  p r e s s u r e  t r a n s d u c e r s .  

The r e s e a r c h e r  is  invo lved  i n  an i n v e s t i g a t i o n  of t h e  volume e l a s t i c i t y  
o f  a r t e r i a l  v e s s e l s .  The volume e l a s t i c i t y  o f  a r t e r i a l  v e s s e l s  i s  an impor tan t  
pa ramete r  r e q u i r e d  i n  c a r d i o v a s c u l a r  sys tem modeling and s i m u l a t i o n  s t u d i e s .  
To de te rmine  t h e  volume e l a s t i c i t y  o f  a p a r t i c u l a r  v e s s e l ,  t h e  v e s s e l  i s  f i l l e d  
w i t h  a f l u i d  and s u b j e c t e d  t o  p r e s s u r e  p u l s e s  genera ted  by a p i s t o n .  The 
change i n  p r e s s u r e  and volume are n o t e d .  The volume e l a s t i c i t y  i s  c a l c u l a t e d  
from t h e  volume-pressure measurements thus  o b t a i n e d .  The p r e s s u r e  p u l s e s  
have components a s  h i g h  a s  200 h e r t z ,  bu t  c o n v e n t i o n a l  b iomedica l  
p r e s s u r e  t r a n s d u c e r s  which t h e  r e s e a r c h e r  is  u s i n g  have f requency 
responses  o f  less than  100 h e r t z .  A s m a l l  p r e s s u r e  t r a n s d u c e r  w i t h  
adequa te  f requency response  i s  d e s i r e d .  

The t r a n s d u c e r  shou ld  have a f requency response  i n  e x c e s s  o f  200 h e r t z ,  
and p r e f e r a b l y  t o  1 ,000  h e r t z ,  The p r e s s u r e  range  d e s i r e d  i s  0-5 pounds p e r  
s q u a r e  i n c h ,  The t r a n s d u c e r  must be mounted i n  a c a t h e t e r  w i t h  a 
d iamete r  l e s s  than  3/16 i n c h e s .  

E r n e s t  H a r r i s o n ,  Jr. 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  Park ,  
North Caro l ina  27709 
919-549-8311 Ext .  376 



RTI/WF-77 
November 1969 

P R O B L E M  S T A T E M E N T  

"A Means o f  Measuring Evapora t ive  Heat Loss from t h e  Skin"  

What i s  Needed 

A method o r  t echn ique  i s  needed t o  measure t h e  h e a t  l o s s  from t h e  
s u r f a c e  o f  s k i n  a s  a  r e s u l t  of e v a p o r a t i o n  o f  p e r s p i r a t i o n .  

The r e s e a r c h e r  i s  engaged i n  a  p r o j e c t  t o  de te rmine  t h e  e f f e c t i v e n e s s  
o f  b lood f low i n  t h e  d i g i t s  of humans. Disease  can c a u s e  c o n s t r i c t i o n  of blood 
v e s s e l s  i n  t h e  t i s s u e .  C o n s t r i c t i o n  i m p a i r s  t h e  i r r i g a t i o n  o f  t h e  t i s s u e s  
w i t h  blood,  and i f  t h e  impairment i s  s u f f i c i e n t l y  severe, t h e  t i s s u e  becomes 
n e c r o t i c ,  gangrene f o l l o w s ,  and amputat ion o f  t h e  a f f e c t e d  d i g i t s  i s  r e q u i r e d .  
I n  o r d e r  t o  a s s e s s  t h e  blood f low t o  a  d i g i t ,  u s e  can b e  made o f  t h e  f a c t  
t h a t  t h e  amount o f  h e a t  s u p p l i e d  t o  t h e  d i g i t  i s  p r o p o r t i o n a l  t o  t h e  blood 
f low.  P a r t  o f  t h e  h e a t  d e l i v e r e d  t o  t h e  d i g i t  i s  l o s t  by r a d i a t i o n .  P a r t  
o f  t h e  h e a t  i s  l o s t  by t h e  e v a p o r a t i o n  o f  w a t e r  vapor  from t h e  s k i n .  F i n a l l y ,  
p a r t  of t h e  h e a t  i s  shunted back t o  t h e  body by t h e  v e i n s .  

The t empera tu re  of t h e  s k i n  can be  e a s i l y  de te rmined ,  and t h e  r a d i a t e d  
h e a t  l o s s  e a s i l y  c a l c u l a t e d .  A means o f  de te rmin ing  t h e  h e a t  l o s s  from t h e  
d i g i t  a s  a  r e s u l t  o f  e v a p o r a t i o n  o f  w a t e r  ( p e r s p i r a t i o n )  i s  d e s i r e d .  

Requirements and S p e c i f i c a t i o n s  

The s o l u t i o n  shou ld  permi t  d e t e r m i n a t i o n  o f  t h e  e v a p o r a t i v e  h e a t  l o s s  
t o  an  accuracy o f  + 5 p e r c e n t .  Ambient humidi ty  and t empera tu re  can be 
c o n t r o l l e d ,  and a l l  measurements w i l l  be t a k e n  under n e a r  e q u i l i b r i u m  c o n d i t i o n s  
s o  t h a t  f a s t  response t ime  i s  n o t  n e c e s s a r y .  A response t i m e  of 30 seconds 
i s  adequa te .  I d e a l l y ,  t h e  measur ing d e v i c e  shou ld  be s m a l l  enough t o  
p e r m i t  measuring t h e  e v a p o r a t i v e  l o s s  from a  s i n g l e  d i g i t ,  i . e . ,  one f i n g e r .  

For F u r t h e r  Informati.o.n,, Cant-act 

E r n e s t  H a r r i s o n ,  Jr. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
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RTI/WF-79 
November 1969 

P R O B L E M  S T A T E M E N T  

"Computer P r o c e s s i n g  o f  Chromosome Data" 

What i s  Needed 

Methods o f  computer p r o c e s s i n g  o f  chromosome d a t a  t o  be used  i n  
d e t e c t i o n  o f  m n g o l i s m  i n  f e t u s e s  a r e  d e s i r e d ,  

The r e s e a r c h e r ,  a g e n e t i c i s t ,  i s  engaged i n  a r e s e a r c h  program t o  p e r m i t  
t h e  d e t e c t i o n  of mongolism i n  unborn f e t u s e s  s u f f i c i e n t l y  e a r l y  t o  pe rmi t  
t h e r a p u t i c  a b o r t i o n .  Techniques f o r  accomplishing t h i s  d e t e r m i n a t i o n  a r e  
a v a i l a b l e ;  indeed ,  t h e y  a r e  no more d i f f i c u l t  than  d e t e r m i n i n g  t h e  s e x  
o f  t h e  f e t u s .  However, t h e y  r e q u l r e  t h e  sampl ing o f  l a r g e  numbers o f  
b lood c e l l s ,  s o  t h a t  t h e  p r o c e s s  is  n o t  amenable t o  mass s c r e e n i n g .  

The g r e a t e s t  b e n e f i t s  can b e  d e r i v e d  from t h i s  t e c h n i q u e  o n l y  i f  i t  can 
b e  a p p l i e d  t o  t h e  e n t i r e  p regnan t  female p o p u l a t i o n .  For example, 150 
mongoloids a r e  born i n  North C a r o l i n a  each y e a r .  The c o s t  d u r i n g  t h e  
mongoloid 's  l i f e t i m e  t o  t h e  s t a t e  i s  between $50,000 and $100,000, I f  t h i s  
t e s t  could  b e  a p p l i e d  t o  t h e  e n t i r e  p regnan t  female p o p u l a t i o n  o f  t h e  
S t a t e  of North C a r o l i n a ,  t h e r e  would a c c r u e  a s a v i n g  of approximately  
$11,000,000 each y e a r .  Mongolian i d i o c y  i s  t h e  major s i n g l e  cause  of 
s e v e r e  mental  d e f i c i e n c y ,  and t h e  e l i m i n a t i o n  of mongoloids would r e s u l t  
i n  a 10 p e r c e n t  r e d u c t i o n  i n  t h e  number o f  peop le  i n  s t a t e  mental  
i n s t i t u t i o n s .  The n a t i o n a l  s a v i n g  could b e  e x t r a p o l a t e d  by c o n s i d e r i n g  
t h a t  approximately  6,000 mongoloids a r e  born n a t i o n a l l y .  

As p r e s e n t l y  accomplished,  a t e c h n i c i a n  examines blood c e l l s  from 
t h e  m a t e r n a l  b lood ,  I n  o r d e r  t o  o b t a i n  enough f e t a l  b lood c e l l s  t o  be 
s t a t i s t i c a l l y  adequa te ,  t h e  t e c h n i c i a n  must examine approximately  1200 c e l l s .  
F i r s t ,  t h e  w h i t e  c e l l s  a r e  examined and t h e  p o s i t i o n s  o f  t h o s e  t h a t  a r e  
d i v i d i n g  a r e  n o t e d ,  u s i n g  a p r o j e c t i o n  a t tachment  t o  t h e  microscope.  The 
t o t a l  number i s  o b t a i n e d ,  Then i t  i s  n e c e s s a r y  t o  go back and l o o k  a t  
each c e l l  i n  d e t a i l  under h i g h e r  m a g n i f i c a t i  n Under h i g h  m a g n i f i c a t i o n ,  
t h e  chromosomes o f  each c e l l  a r e  c l a s s i f i e d .  9 ' 2  Some o f  t h e  chromosome 

1 
J ,  A,  S e r r a ,  Modern Gene t ics ,  Vol, 3, 1968,  Academic P r e s s ,  London, 
pp. 199-205, p ,  242. 

L 
Human Chr omo s ome E d i t e d  by Jorge J ,  Yunis ,  1965,  Academic P r e s s ,  
N. Y. and London; Chap. " I d e n t i f i c a t i o n  of Chromosomes," Klaus Pa tau ,  
pp. 155-186; and Chap. "Human Chromosomes i n  Disease , "  J .  J .  Ynlzis, pp, 187-242 .  



t y p e s  a r e  abnormal t y p e s ,  and t h e  p resence  o f  s p e c i f i c  abnormal 
t y p e s  pe rmi t  c o r r e l a t i o n  w i t h  p a r t i c u l a r  d i s e a s e  anomal ies .  There  i s  a 
p a r t i c u l a r  chromosomal a b e r r a t i o n  a s s o c i a t e d  w i t h  mongolism. A normal 
pe rson  h a s  46 chromosomes which c o n s i s t  o f  two each  of 22 t y p e s  p l u s  X and Y 
s e x  chromosomes. Mongoloids have an e x t r a  type  21  o r  t y p e  22 chromosome o r  
p a r t  o f  a chromosome. There a r e  two t y p e s :  (Note i n  t h e  f o l l o w i n g  examples,  
21 can be read  a s  e i t h e r  t y p e  21  o r  t y p e  22 chromosomes.) 

Tr iplo-21,  i n  which t h e  i n d i v i d u a l  has  47 chromosomes w i t h  t h r e e ,  
i n s t e a d  o f  two, type  21 chromosomes, 
T r a n s l o c a t i o n  mongolism, i n  which t h e  e x t r a  21 type chromosome 
has  become a t t a c h e d  t o  one o f  t h e  chromosomes n o t  a s s o c i a t e d  
w i t h  t h e  s e x  o f  t h e  i n d i v i d u a l .  G e n e r a l l y ,  t h e  e x t r a  21  type 
becomes a t t a c h e d  t o  one o f  t h e  t y p e  1 5  chromosomes, s o  t h a t  
t h e  i n d i v i d u a l  h a s  46 chromosomes, I n  t h i s  c a s e  t h e r e  a r e  two 
normal t y p e  21 chromosomes, b u t  o n l y  one normal type 15 chromo- 
some. The abnormal chromosome i s  t h e  jo ined  15-21 chromosome. 

Another impor tan t  f a c t o r  i n  mongolism i s  tha t  t h e  i n c i d e n c e  o f  mongolism 
i n c r e a s e s  w i t h  t h e  age o f  t h e  mother.  For example, a woman of  20 has  one 
chance i n  3,000 of  producing a mongoloid, w h i l e  a woman of 45 h a s  one 
chance i n  40 .  

This  k a r o t y p i n g  (chromosome c l a s s i f i c a t i o n )  must be done on t h e  f e t a l  
b lood c e l l s .  F e t a l  blood c e l l s  a r e  p r e s e n t  i n  ve ry  smal l  c o n c e n t r a t i o n s  i n  
t h e  mate rna l  b lood.  Blood samples a r e  t a k e n  from t h e  mother,  hence t h e  
m a j o r i t y  of blood c e l l s  thus  o b t i a n e d  a r e  mate rna l  c e l l s .  

Two approaches can be  t aken  t o  reduce  t h e  t ime  r e q u i r e d  i n  lcarotype 
blood f o r  d e t e c t i n g  mongolism. F i r s t ,  a  means o f  p r o c e s s i n g  t h e  blood 
sample s o  a s  t o  e n r i c h  t h e  number o f  f e t a l  c e l l s  w i t h  r e s p e c t  t o  mate rna l  
c e l l s  would s i g n i f i c a n t l y  reduce t h e  s c r e e n i n g  t ime. One phase o f  t h e  
r e s e a r c h e r ' s  program i s  aimed a t  t h i s  a s p e c t  of t h e  problem. 

Second, d a t a  p r o c e s s i n g  t echn iques  can be a p p l i e d  t o  t h e  problem t o  
speed up t h e  s c r e e n i n g  p r o c e s s .  There a r e  two l e v e l s  a t  which computer 
p r o c e s s i n g  could  be  used t o  advantage: 

(1 )  The computer can be  used t o  s t o r e  t h e  d a t a ,  t o  n o t e  p o s i t i o n  o f  
t h e  i n d i v i d u a l  c e l l s ,  and t o  a s s e s s  t h e  c e l l s  on t h e  microscope 
s l i d e  f o r  ka ro typ ing  wi th  v i s u a l  d i s c r i m i n a t  ion and c l a s s i f i c a t i o n  
be ing  performed by t h e  t e c h n i c i a n ,  

(2)  By employing d i g i t a l  image p r o c e s s i n g  and p a t t e r n  r e c o g n i t i o n  
t e c h n i q u e s ,  t h e  computer can be  made t o  perform t h e  k a r o t y p i n g  a s  
w e l l  a s  t h e  d a t a  p rocess ing .  



I f  t he  karotyping i s  performed by means of computer, a scanner  of some 
type  i s  requi red .  I n  add i t i on ,  a more s o p h i s t i c a t e d  computer i s  requi red  
than  t h e  computer t h a t  would be needed t o  perform the  f i r s t  op t ion .  Because 
of t he  equipment c o s t  and complexity, i t  i s  expected t h a t  t h e  f i r s t o p t i o n  w i l l  
b e  exe rc i sed  wi th  p o t e n t i a l  expansion of t h e  system t o  permit  automatic 
computer karotyping f o r  mongolian id iocy .  

For Fur ther  Informakio_~_r_, Contact 

Ernest  Harr ison,  Jr ,  
Research Tr iangle  I n s t i t u t e  
P .  0 .  Box 12194 
Research Tr iangle  Park ,  
North Carol ina 27709 
919-549-8311 Ext . 376 
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P R O G L E M  S T A T E M E N T  

"A M i n i a t u r e  I n f u s i o n  Pump" 

What i s  Needed 

A m i n i a t u r e  pump i s  needed t o  i n f u s e  d rugs  i n t o  a  p a t i e n t  over  a  
24-hour p e r i o d  . 
Background 

I n  some i n o p e r a b l e  cancer  c a s e s ,  i t  i s  d e s i r a b l e  t o  p e r f u s e  w i t h  d r u g s  
t h e  a r e a  i n  which t h e  tumor i s  l o c a t e d .  Th is  i s  done by i n s e r t i n g  a 
hypodermic n e e d l e  (connected t o  t h e  pump) i n t o  a n  a r t e r y  which p e r f u s e s  t h e  
a r e a  su r rounding  t h e  tumor. These p a t i e n t s  are u s u a l l y  s e n t  home from t h e  
h o s p i t a l  s i n c e  l i t t l e  can b e  done f o r  them. Consequent ly ,  s i n c e  t h e  i n f u s i o n  
pump i s  worn by t h e  p a t i e n t ,  i t  must be  p o r t a b l e  and have i t s  own power 
source .  

Reauirements and S ~ e c i f i c a t i o n s  

The i n f u s i o n  pump must a d m i n i s t e r  medica t ion  a t  a r a t e  of 2-8 c u b i c  
c e n t i m e t e r s  of medica t ion  p e r  24-hour p e r i o d .  The power s o u r c e  must a l s o  
permit  o p e r a t i o n  f o r  24 h o u r s  wi thou t  a n  e x t e r n a l  supp ly  of energy.  The pump 
should be s imple  t o  r e c h a r g e  w i t h  medica t ion ,  and t h e  power source  must b e  
e a s i l y  renewed o r  r e p l a c e d .  S i z e  should be  s m a l l  enough t o  permit  wearing 
of t h e  pump and power s o u r c e  con t inuous ly .  A volume of 1 0  c u b i c  i n c h e s  and 
a  weight  of one-half pound a r e  good g e n e r a l  i n d i c a t o r s .  F i n a l l y ,  c o s t  i s  
a  c o n s i d e r a t i o n  s i n c e  t h e  c o s t  of o p e r a t i n g  t h e  u n i t  and a m o r t i z a t i o n  of i t s  
i n i t i a l  c o s t  must be  met by t h e  p a t i e n t s  being t r e a t e d .  

For F u r t h e r  In format ion ,  Contact  

E r n e s t  H a r r i s o n ,  J r .  
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  Park ,  North Caro l ina  27709 
919-549-3311 Ext ,  376 
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P R O B L E M  S T A T E M E N T  

"A Means of Detect ing Turbulence 
i n  Blood Flowing i n  a Tube" 

What i s  Needed 

A method of determining whether blood flow i n  a tube i s  laminar o r  
t u rbu len t  i s  requi red .  

Background 

The i n d i c a t o r  concent ra t ion  method i s  one technique used t o  compute mean 
flow through and t h e  volume of blood contained i n  a po r t ion  of t h e  vascu la r  
system. Much t h e o r e t i c a l  and experimental  work has been done i n  t h i s  a r ea .  
Researchers a t  Bowman Gray School of Medicine, Wake Fores t  Univers i ty ,  a r e  
engaged i n  an  experimental program t o  accu ra t e ly  d e f i n e  these  types of measure- 
ments. Because of t h e  complexity of b i o l o g i c a l  systems, i n i t i a l  s t u d i e s  have 
been made us ing  a model i n  which an i n d i c a t o r  (dye o r  r ad ioac t ive )  is  i n j e c t e d  
mechanically a t  a cons tan t  r a t e  i n t o  a uniformly flowing stream of blood i n  a 
p l a s t i c  tube  of uniform diameter .  The time of i n j e c t i o n  can be va r i ed  i n  order  
t o  c o n t r o l  t h e  amount of dye i n j e c t e d .  The i n j e c t i o n  r a t e  i s  0.01 cubic 
cent imeters  of i n d i c a t o r  per  second. The i n j e c t i o n  time can be  v a r i e d  from 
one-tenth second t o  about 10 seconds. The range of volumetr ic  flow of t h e  
f l u i d  i n  t h e  tube is  between 2.5 and 25  cubic cent imetersjminute (flow 
v e l o c i t y  of 0.3 cubic cent imeters/second t o  3 cubic  cent imeters/second).  
Downstream from the  s i t e  of i n j e c t i o n  i s  a counter  o r  pho toce l l ,  depending 
upon t h e  type of i nd ica to r  used, whose output  i s  recorded on a s t r i p  cha r t .  
The output  of t he  de t ec to r  i s  p ropor t iona l  t o  t h e  concent ra t ion  of t h e  dye o r  
r a d i o a c t i v e  substances i n  t h e  stream. Under experimental cond i t i ons ,  f low 
i s  maintained laminar o r  s t reamlined.  Laminar flow causes much h igher  
v e l o c i t i e s  near t h e  center  of a tube so  t h a t  t h e  a c t u a l  i n j e c t i o n  po in t  i n  a 
tube c r o s s  s e c t i o n  i s  c r i t i c a l .  

To overcome t h i s  problem i n  the  model system, a r o t a r y ,  magnet ical ly  
operated mixer i s  i n s t a l l e d  immediately upstream from the  i n j e c t i o n  s i t e .  
This  mixer induces turbulence,  breaking up t h e  laminar flow so  t h a t ,  i n  t h e  
reg ion  of t h e  i n j e c t i o n  s i t e ,  t h e  f l u i d  flow is  tu rbu len t .  Therefore,  t h e  
v e l o c i t y  is  approximately uniform ac ros s  t he  e n t i r e  diameter of the  tube j u s t  
below t h e  mixer. Laminar flow i s  soon r e s to red  i n  t h e  tube. I f  one cons iders  
equal  q u a n t i t i e s  of i nd ica to r  which a r e  t r a v e l i n g  a t  d i f f e r e n t  speeds,  i t  i s  
e a s i l y  seen t h a t  t h e  slower moving f l u i d  w i l l  remain f o r  a longer per iod of 
time under t h e  counter ape r tu re ,  t h e r e f o r e  producing more counts than  t h e  
r a p i d l y  moving ind ica to r .  This means t h a t  t h e  i n d i c a t o r  concent ra t ion  is  
b iased  so t h a t  equal  concent ra t ion  and lengths  of laminar of i n d i c a t o r  f l u i d  



do n o t  produce t h e  same number of c o u n t s ;  i . e . ,  a  f i x e d  volume and a  f i x e d  
c o n c e n t r a t i o n  of i n d i c a t o r  f l u i d  moving a t  a  h i g h e r  r a t e  produces  fewer 
coun ts  t h a n  t h e  same volume and t h e  same c o n c e n t r a t i o n  of i n d i c a t o r  moving 
a t  a  lower r a t e .  

To overcome t h i s  measurement d i f f i c u l t y ,  a  mixer  h a s  been p laced  i n  
t h e  exper imenta l  a p p a r a t u s  upstream from t h e  sampling s i t e .  T h i s  produces 
t u r b u l e n c e ,  thoroughly  mixing t h e  i n d i c a t o r  components which were t r a v e l i n g  
a t  d i f f e r e n t  v e l o c i t i e s  i n  t h e  laminar  f l o w  r e g i o n ,  s o  t h a t  t h e  v e l o c i t y  
of a l l  t h e  i n d i c a t o r  i s  approximately  t h e  same as i t  p a s s e s  under t h e  coun te r  
a p e r t u r e ,  Without t h e  u s e  of mixers  t o  produce t u r b u l e n c e  a t  b o t h  t h e  
i n j e c t i o n  and t h e  sampling s i t e s ,  i t  h a s  n o t  been p o s s i b l e  t o  o b t a i n  
r e l i a b l e  d a t a  on blood r a t e  of f l o w  and volume. 

Design of t h e  mixers  h a s  been a  d i f f i c u l t  problem. Smal l ,  motor-driven 
var iab le - speed  p r o p e l l e r s  a r e  c u r r e n t l y  used t o  mix t h e  dye.  To a c h i e v e  
proper  mixing,  i t  is  extremely impor tan t  t h a t  t h e  mixers  induce t u r b u l e n c e .  
With t h e  p r e s e n t  exper imenta l  arrangement t h e  r e s e a r c h e r s  have no means of 
s e n s i n g  whether t h e  mixers  a r e  a c t u a l l y  induc ing  t u r b u l e n c e .  An a p p r o p r i a t e  
sensor  which can  d e t e c t  t h e  o n s e t  of t u r b u l e n c e  i s  r e q u i r e d .  

Requirements and S p e c i f i c a t i o n s  

The s e n s o r  must permit  d e t e c t i o n  o f  t u r b u l e n c e  ( o n s e t  of t u r b u l e n c e )  
i n  blood f lowing i n  a  g l a s s  o r  p l a s t i c  t u b e  approximately  f o u r  m i l l i m e t e r s  
i n  d iamete r .  P h y s i c a l  s i z e  of t h e  s e n s i n g  element i n s e r t e d  i n t o  t h e  blood 
s t ream should n o t  have a  c r o s s  s e c t i o n  g r e a t e r  t h a n  1.0-1.5 s q u a r e  m i l l i m e t e r s .  
I n s e r t i o n  of t h e  s e n s i n g  element must be  accomplished w i t h o u t  a l lowing  t h e  
escape  of blood from t h e  tube .  It must o p e r a t e  w i t h  f low v e l o c i t i e s  i n  t h e  
range  of 0 .3  cen t imete r s / second  t o  3 . 0  c e n t i m e t e r s / s e c o n d .  

For More In format ion ,  Contact  

E r n e s t  H a r r i s o n ,  J r .  
Kesearch T r i a n g l e  I n s t i t u t e  
P. 0. Box 12194 
Research T r i a n g l e  Park ,  North C a r o l i n a  27709 
919-549-8311 Ext.  376 
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P R O B L E M  S T A T E M E N T  

I t  Prevent ion of Tip Washout i n  Dye I n j e c t i o n  Techniques" 

What i s  Needed 

A means of prevent ing "washout" of dye from t h e  t i p  of a dye i n j e c t o r  
i s  des i r ed .  

Background 

Researchers a t  Bowman Gray School of Medicine, Wake Fores t  Un ive r s i t y ,  
have been engaged i n  an  experimental  program t o  accu ra t e ly  de f ine  t h e  methods 
and techniques which can be used t o  o b t a i n  r e l i a b l e  d a t a  from these  types 
of measurements. Because of t h e  complexity of b i o l o g i c a l  systems, i n i t i a l  
s t u d i e s  have been made using a model i n  which a n  i n d i c a t o r  (dye o r  r a d i o a c t i v e )  
i s  i n j e c t e d  mechanically a t  a cons tan t  r a t e  i n t o  a uniformly flowing stream 
of blood i n  a p l a s t i c  tube of uniform diameter.  The time of i n j e c t i o n  can 
be va r i ed  i n  order  t o  c o n t r o l  t h e  amount of dye i n j e c t e d .  The i n j e c t i o n  r a t e  
is 0.01 cubic cent imeters  of i n d i c a t o r  per second. The i n j e c t i o n  time can  
be va r i ed  from one-tenth second t o  about 10 seconds. The range of volumetr ic  
flow of t he  f l u i d  i n  t h e  tube i s  between 2.5 and 25 cubic  cent imeterslminute 
(flow v e l o c i t y  of 0.3 cent imeters/second t o  3 cent imeters/second.)  Downstream 
from t h e  s i t e  of i n j e c t i o n  i s  a counter  o r  photoce l l ,  depending upon t h e  
type of i n d i c a t o r  used, whose output  i s  recorded on a s t r i p  c h a r t .  The output  
of t h e  d e t e c t o r  is  p ropor t iona l  t o  t he  concent ra t ion  of t h e  dye o r  r a d i o a c t i v e  
substances i n  t h e  stream. The dye i n j e c t i o n  method now i n  use  c o n s i s t s  of a 
hypodermic sy r inge  which i s  dr iven  by a s t e p  motor which can be  set t o  i n j e c t  
t h e  requi red  amount of dye. The t i p  of t h e  hypodermic needle  pro t rudes  i n t o  
t h e  flowing s tream of blood. A problem assoc ia ted  with t h i s  technique i s  
washout of dye from t h e  needle  t i p .  

For example, a f t e r  a measured quan t i t y  of dye i s  i n j e c t e d  i n t o  the  s t ream, 
t h e  needle  i t s e l f  remains f u l l  of dye. Cap i l l a ry  f o r c e s  hold t h e  dye i n  t he  
needle.  However, a s  a r e s u l t  of d i f f u s i o n  and d i f f e r e n t i a l  p ressures  a t  t he  
needle  t i p  caused by t h e  flowing s tream, smal l  q u a n t i t i e s  of dye cont inue t o  
l e a k  i n t o  t h e  stream a f t e r  t he  i n j e c t i o n  of dye has occurred. This t r i c k l e  
of dye i n t o  t h e  stream a f t e r  i n j e c t i o n  has ceased appears ,  a s  f a r  a s  t he  
d e t e c t o r  is concerned, a s  slow-moving blood. Thus, t h i s  washout adds t o  t h e  
slow-moving blood and b i a s e s  t h e  p l o t  of v e l o c i t y  versus  dye concent ra t ion  
toward t h e  low v e l o c i t y  s ide .  When t h i s  curve i s  used t o  determine average 
flow v e l o c i t y ,  t he  ca lcu la ted  average flow v e l o c i t y  i s  slower than the  
a c t u a l  flow v e l o c i t y  because of t h i s  washout e f f e c t .  A means of prevent ing 
washout i s  des i r ed .  



Kequirements and S p e c i f i c a t i o n s  

To be a c c e p t a b l e ,  t i le  hardware employed t o  s o l v e  t h i s  problem must 
have t h e  fo l lowing  c h a r a c t e r i s t i c s .  F i r s t ,  t h e  i n j e c t i o n  d e v i c e  and 
washout p r e v e n t i o n  d e v i c e  must n o t  exceed one m i l l i m e t e r  i n  d i a m e t e r .  
Second, i t  must be  p o s s i b l e  t o  move t h e  i n j e c t i o n  p o i n t  from one t u b e  w a l l  
t o  t h e  o t h e r  a c r o s s  a d iamete r  ( t o t a l  t r a v e l  of approximately  f o u r  
m i l l i m e t e r s ) .  F i n a l l y ,  i t  would be  d e s i r a b l e  i f  t h e  i n j e c t i o n  method 
impar ted a s  l i t t l e  v e l o c i t y  a s  p o s s i b l e  t o  t h e  i n j e c t e d  dye.  

For F u r t h e r  In format ion ,  Contact  

E r n e s t  H a r r i s o n ,  Jr .  
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  Park ,  North C a r o l i n a  27709 
919-549-8311 Ext .  376 
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P R O B L E M  S T A T E M E N T  

" I d e n t i f i c a t i o n  of I n f r a r e d  S p e c t r a  Using Computer Techniques" 

What i s  Needed 

The r e s e a r c h e r  wishes  t o  o b t a i n  FORTRAN-compatible computer programs 
f o r  t h e  s t o r a g e  and r e t r i e v a l  of i n f r a r e d  s p e c t r o g r a p h i c  d a t a  on s e l e c t e d  
chemica l  compounds. 

Background 

The Bowman Gray School  of Eledicine o p e r a t e s  a computer c e n t e r  which 
performs v a r i o u s  d a t a  p r o c e s s i n g  f u n c t i o n s  f o r  t h e  Bowman Gray H o s p i t a l ,  
t h e  Medical  School ,  and i n d i v i d u a l  f a c u l t y  and g r a d u a t e  s t u d e n t  r e s e a r c h e r s .  
There  a r e  a  number o f  r e s e a r c h e r s  (b iochemis t s ,  g e n e t i c i s t s ,  pharmacolog i s t s )  
i n  t h e  Medical  School ,  as w e l l  a s  i n  t h e  P h y s i c a l  S c i e n c e s  depar tment  (chemis t s ,  
p h y s i c i s t s )  of Wake F o r e s t  U n i v e r s i t y  who on some r e g u l a r  b a s i s  d u r i n g  t h e i r  
r e s e a r c h  f i n d  i t  n e c e s s a r y  t o  u s e  i n f r a r e d  a b s o r p t i o n  spectrum d a t a  as a  means 
of i d e n t i f i c a t i o n  of unknown compounds. P r e s e n t l y ,  t h e  b a s i c  s o u r c e  of i n f o r -  
mat ion  on i n f r a r e d  s p e c t r a l  a b s o r p t i o n  d a t a  a v a i l a b l e  t o  t h e s e  r e s e a r c h e r s  
i s  t h e  s p e c t r a l  a b s o r p t i o n  d a t a  c a r d  f i l e  a v a i l a b l e  from American S o c i e t y  
f o r  T e s t i n g  M a t e r i a l s .  For compounds n o t  i n  t h e  ASTM d a t a  f i l e ,  t h e  r e s e a r c h e r  
must perform s t a n d a r d i z e d  exper iments  t o  o b t a i n  r e f e r e n c e  d a t a .  Th i s  
i n f o r m a t i o n  i s  a l s o  p u t  on r e f e r e n c e  c a r d s  i n  t h e  r e s e a r c h e r ' s  d a t a  f i l e .  
There  a r e  l i t e r a l l y  thousands  of s p e c t r a  on d i f f e r e n t  compounds. Thus,  i f  i t  
becomes necessa ry  t o  manual ly  s e a r c h  t h e  e n t i r e  d a t a  f i l e  t o  i d e n t i f y  t h e  
unknown, i t  i s  a v e r y  time-consuming and d i f f i c u l t  t a s k .  

The r e s e a r c h e r  wishes  t o  g e n e r a t e  a  r e f e r e n c e  l i b r a r y  of i n f r a r e d  
s p e c t r a l  d a t a ,  s t o r e  i t  on magnet ic  t a p e ,  and p r o v i d e  r a p i d  "unknown" 
i d e n t i f i c a t i o n  by computer s e a r c h i n g  t h e  r e f e r e n c e  d a t a  f i l e .  Th i s  i s  n o t  
a  new techn ique  i n  t h a t  such  computer s e a r c h  systems have been developed 
p r e v i o u s l y .  9 j  9 4. The r e s e a r c h e r  c o u l d ,  h i m s e l f ,  develop t h e  needed 
computer program, b u t  a  s i g n i f i c a n t  amount of t ime  and money could  be  saved 
i f  a n  a l r e a d y  developed,  FORTRAN-compatible program t o  accomplish t h i s  could  
be  o b t a i n e d .  U n f o r t u n a t e l y ,  t h e  r e s e a r c h e r  h a s  n o t  been a b l e  t o  l o c a t e  a  

1. R. A. Sparke,  "S torage  and R e t r i e v a l  of Wyandotte-ASTM I n f r a r e d  S p e c t r a l  
Data u s i n g  an  I B M  1401  Computer," ASTM, P h i l a d e l p h i a ,  Pa . ,  1964. 

2. L. D. Smithson, L. B. F a l l ,  F. D ,  P i t t s ,  and F. W. Bauer, "Storage and 
R e t r i e v a l  of Wyandotte-ASTM I n f r a r e d  S p e c t r a l  Data Using a  7090 
Computer,'' Tech. Doc. Rept.  d RTD-TDR-63-4265, Res. and Tech. Div. ,  
Wr igh t -Pa t t e r son  AFB, Ohio, 1964. 

3. T. A. Entzminger and E. A ,  Diephaus,  "S torage  and R e t r i e v a l  of Wyandotte- 
ASTM I n f r a r e d  S p e c t r a l  Data Using a  Moneywell-400 Computer," U .  S .  P u b l i c  
Hea l th  S e r v i c e ,  Robt. T a f t  S a n i t a r y  Engineer ing  Cente r ,  C i n c i n n a t i ,  Ohio, 
1964. 

4 .  S a d t l e r  Research L a b o r a t o r i e s ,  1517 Vine S t . ,  P h i l a d e l p h i a ,  Pa. 



s o u r c e  f o r  t h i s  program. He h a s  c o n t a c t e d  some of t h e  o r g a n i z a t i o n s  which 
have developed such programs, b u t  h a s  been unab le  t o  o b t a i n  them f o r  
v a r i o u s  r e a s o n s ,  i n c l u d i n g  communication d i f f i c u l t i e s  and company 
c o n f i d e n t i a l i t y  of t h e  i n f o r m a t i o n .  

Requirements and S p e c i f i c a t i o n s  

The r e s e a r c h e r  wishes  t o  o b t a i n  a program t o  b u i l d  and s t o r e  a n  i n f r a r e d  
s p e c t r a l  a b s o r p t i o n  d a t a  f i l e  on magnet ic  t a p e  and t o  i d e n t i f y  unknown 
cornpounds by s e a r c h i n g  t h e  d a t a  f i l e .  Organic compounds w i l l  comprise t h e  
m a j o r i t y  of unknowns which are l i k e l y  t o  be  encounte red .  I n  most c i rcumstances ,  
t h e  raw i n f r a r e d  spec t romete r  o u t p u t  d a t a  would b e  recorded  on s t r i p  c h a r t s .  
The r e s e a r c h e r  would read  t h e  s t r i p  c h a r t ,  de te rmin ing  t h e  p e r t i n e n t  
a b s o r p t i o n  peaks f o r  t h e  unknown. Th is  in fo rmat ion  would b e  manually 
t r a n s f e r r e d  t o  punched c a r d s  f o r  comparison w i t h  t h e  computer r e f e r e n c e  f i l e .  
I n  o t h e r  words, t h e r e  is  no requirement  f o r  o n l i n e  o p e r a t i o n  w i t h  t h e  
i n f r a r e d  spec t romete r  d i r e c t l y  connected t o  t h e  computer. A working 
debugged program t h a t  i s  FORTRAN-compatible i s  d e s i r e d .  

For l4ore In format ion ,  Contact  

E r n e s t  H a r r i s o n ,  Jr. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  Park,  North C a r o l i n a  27709 
919-549-8311 Ext .  376 



RTI/WF-85 
March 1970 

P R O B L E M  S T A T E M E N T  

"Use of Computers i n  P lann ing  R a d i a t i o n  Therapy'' 

What i s  Needed 

FORTRAN-compatible computer programs t o  pe rmi t  t h e  r a p i d  c a l c u l a t i o n  
of i s o d o s e  c o n t o u r s  f o r  v a r i o u s  r a d i a t i o n  the rapy  t r e a t m e n t  p l a n s  t o  speed 
t h e  d e l i v e r y  and lower t h e  c o s t  of r a d i a t i o n  t h e r a p y  t r e a t m e n t .  

Background 

I n  r a d i a t i o n  t r e a t m e n t ,  t h e  r a d i a t i o n  from e x t e r n a l  s o u r c e s  must be  
d i r e c t e d  a t  a  tumor s o  a s  t o  maximize t h e  dose  t o  t h e  tumor w h i l e  minimizing 
dose  t o  su r rounding  t i s s u e  and a v o i d i n g ,  a s  much a s  p o s s i b l e ,  v i t a l  organs .  
This  i s  accomplished by d i r e c t i n g  t h e  beam of t h e  r a d i a t i o n  s o u r c e ( s )  from 
d i f f e r e n t  a n g l e s  s o  t h a t  t h e  tumor i s  s i t u a t e d  a t  t h e  i n t e r s e c t i o n  of t h e s e  
r a d i a t i o n  beams and t h u s  r e c e i v e s  t h e  a d d i t i v e  e f f e c t  of a l l  t h e  beam 
d i r e c t i o n s .  

To c a r r y  o u t  t h i s  p rocedure ,  t h e  t h e r a p i s t  must d e v i s e  a  p l a n  of r a d i a t i o n  
the rapy .  The a n g l e s  and d o s e s  a r e  chosen based on a  knowledge of t h e  anatomy 
invo lved  and t h e  exper ience  of t h e  t h e r a p i s t ,  E f f i c a c y  of a  p a r t i c u l a r  
t r e a t m e n t  p l a n  is  g iven  by t h e  dose  d i s t r i b u t i o n .  Hence, h e  must c a l c u l a t e  
i s o d o s e  c o n t o u r s  f o r  t h e  r e s u l t i n g  t r e a t m e n t  p lan .  I f  t h e  d o s e  t o  t h e  tumor 
i s  adequa te ,  and t h e  dose  t o  su r rounding  t i s s u e s  i s  a c c e p t a b l e ,  h e  t h e n  
implements t h e  p lan .  I f  t h e  dose  t o  t h e  tumor i s  i n a d e q u a t e  o r  t h e  d o s e  t o  
any of t h e  surrounding t i s s u e  i s  t o o  h i g h ,  he  must d e v i s e  a n o t h e r  t r e a t m e n t  
p l a n  and c a l c u l a t e  t h e  i s o d o s e  c o n t o u r s .  This  a l t e r a t i o n  of t r e a t m e n t  p l a n  
and cor responding  c a l c u l a t i o n s  i s  performed u n t i l  a n  a c c e p t a b l e  t r e a t m e n t  
p l a n  i s  dev i sed .  

Using computer t echn iques ,  d e t e r m i n a t i o n  of t h e  dose  d i s t r i b u t i o n  f o r  
a  g i v e n  p l a n  can be  automated.  With e s t a b l i s h e d  mathemat ica l  r e l a t i o n s h i p s  
between dose  i n t e n s i t y  and geometry,  computers can g e n e r a t e  dose  d i s t r i b u t i o n s  
f o r  g i v e n  t rea tment  p l a n s  n o t  on ly  much more r a p i d l y  b u t  a l s o  i n  much 
g r e a t e r  d e t a i l .  Consequently,  t h e  r a d i o l o g i s t  can examine a s  many t r e a t m e n t  
p l a n s  a s  n e c e s s a r y ,  and t h e n  choose t h e  p l a n  which i s  opt imized t o  s u i t  t h e  
needs o f  t h e  i n d i v i d u a l  p a t i e n t .  

Requirements and S p e c i f i c a t i o n s  

Already developed,  FORTRAN-compatible computer programs f o r  a p p l i c a t i o n  
t o  t h i s  problem a r e  d e s i r e d .  

For Fur the r  In format ion ,  Contact  

E r n e s t  H a r r i s o n ,  Jr. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  Park ,  North Caro l ina  27709 
919-549-8311 Ext .  376 



RTI /WF-86 
February 1970 

P R O B L E M  S T A T E M E N T  

"Keduction of Anxiety by Noncontact  s t i m u l a t i o n "  

What is  Needed 

A means of reduc ing  a n x i e t y  by n o n c o n t a c t  s t i m u l a t i o n  i s  needed. 

Background 

I n  t h e  p r a c t i c e  of c l i n i c a l  p s y c h i a t r y ,  i t  i s  n e c e s s a r y  t o  p u t  t h e  
p a t i e n t  a t  e a s e  a t  t h e  beginning of t h e  s e s s i o n .  The p s y c h i a t r i s t  must 
d e v o t e  s e v e r a l  minu tes  t o  e s t a b l i s h i n g  r a p p o r t  w i t h  t h e  p a t i e n t  and e s s e n t i a l l y  
pe rsuad ing  t h e  p a t i e n t  i n t o  a  r e l a x e d  s t a t e  of mind. It i s  n e c e s s a r y ,  
a s  t h e  s e s s i o n  c o n t i n u e s ,  t h a t  t h e  p s y c h i a t r i s t  d e l v e  s u c c e s s i v e l y  f u r t h e r  
i n t o  a r e a s  t h a t  a r e  emot iona l ly  charged f o r  t h e  p a t i e n t .  Indeed ,  t h e s e  a r e  
t h e  a r e a s  f o r  which t h e  s e s s i o n  is  h e l d  i n  t h e  f i r s t  p l a c e .  I n  many 
p a t i e n t s ,  a s  soon a s  t h e  c o n v e r s a t i o n  approaches  t h e  e m o t i o n a l l y  charged 
s u b j e c t s ,  t h e  p a t i e n t  e x h i b i t s  extreme a n x i e t y .  H e  b e g i n s  t o  h y p e r v e n t i l a t e  
and l o s e s  consc iousness .  I n  f a c t ,  t h i s  may be  a  d e l i b e r a t e  e s c a p e  mechanism 
w i t h  some p a t i e n t s  t o  avoid  d i s c u s s i o n  of t h e  emot iona l ly  charged s u b j e c t s .  

I n  any e v e n t ,  t h e  s e s s i o n  must b e  i n t e r r u p t e d  w h i l e  t h e  p a t i e n t  i s  
p laced  on a  bed and allowed t o  r e g a i n  consc iousness .  Then, t h e  procedure  
must b e  s t a r t e d  a l l  over  aga in .  Obviously ,  t h i s  means t h a t  a s i g n i f i c a n t  
amount of t h e  p s y c h i a t r i s t ' s  t ime, as w e l l  a s  t h e  p a t i e n t ' s  t i m e ,  is  wasted.  
The i n v e s t i g a t o r  i s  i n t e r e s t e d  i n  e x t e r n a l  means of r a p i d l y  reduc ing  a n x i e t y  
i n  t h e s e  p a t i e n t s .  

I f  a  r a p i d  e x t e r n a l  means of r e e s t a b l i s h i n g  a  s e n s e  of calm o r  wel l -being 
i n  t h e  p a t i e n t  could  be  a p p l i e d  when t h e  p s y c h i a t r i s t  d e t e c t s  t h e  beg inn ings  
of  a n x i e t y  i n  t h e  p a t i e n t ,  t h e n  t h e  s e s s i o n  could  be s a l v a g e d ,  and a  
s i g n i f i c a n t  amount of t ime would b e  saved.  

Requirements and S p e c i f i c a t i o n s  

S i n c e  t h e s e  p a t i e n t s  a r e  a l l  emot iona l ly  d i s t u r b e d ,  any th ing  which would 
c o n t r i b u t e  t o  t h e i r  a n x i e t y  must b e  avoided.  Consequently,  a t t achment  t o  t h e  
p a t i e n t  by any means ( w i r e s ,  e l e c t r o d e s ,  e t c . )  must be  avoided.  Aural ,  
p h o t i c ,  o r  o t h e r  noncontact  methods of r e e s t a b l i s h i n g  a  s e n s e  of we l l -  
being i n  t h e  p a t i e n t  i s  d e s i r e d .  To b e  e f f e c t i v e  i n  t h e  s a v i n g  of p r o f e s s i o n a l  
and p a t i e n t  t i m e ,  t h e  method should n o t  r e q u i r e  long exposure  t o  induce  calm. 
P a t i e n t  r esponse  t o  t h e  s t i m u l i  i n  f i v e  minu tes  is  a c c e p t a b l e .  

For Fur the r  In format ion ,  Contact  

E r n e s t  H a r r i s o n ,  J r .  
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  Park ,  North C a r o l i n a  27709 
919-549-8311 Ext.  376 



RTI/DU-59 
September 1969 

P R O B L E M  S T A T E M E N T  

"Urine Flowme t er"  

What i s  Needed 

A requirement e x i s t s  f o r  a method of measuring temperature on the  end 
of a small  probe. 

Background 

Parkinson 's  Syndrome is a d i sease  a f f e c t i n g  a s i g n i f i c a n t  number of 
people and the  p r i n c i p a l  f e a t u r e s  of t h e  d i sease  a r e  coa r se  tremors 
involving the  head and the  limbs, slowness of movement, slow or  s h u f f l i n g  
walk, and l o s s  of f a c i a l  expression.  One method f o r  t e a t i n g  t h i s  d i sease  
is  t h e  product ion of l e s i o n s  ( in jured  reg ions)  i n  the b r a i n .  Severa l  
methods of producing these  l e s ions  e x i s t ,  one of which i s  the  use of a small  
r f  ( r a d i o  frequency) f i e l d  probe. I n  order  t o  c o n t r o l  t h e  product ion of t he  
l e s i o n ,  good temperature measurement i s  requi red  a t  t he  s i t e  of t h e  l e s ion .  

Two types of r f  l e s i o n  probes a r e  used. One type i s  an  i n f l e x i b l e  
cy l inde r  0.080" x 12" and the  o the r  type i s  an  in£ l e x i b l e  cy l inde r  0.080" x 10" 
wi th  a f l e x i b l e  c y l i n d r i c a l  t i p  wi th  dimensions 0.020'' x 1". In  t h e  f i r s t  
type of probe, a small  thermocouple i s  mounted on the  t i p  of t he  probe. I n  
t he  second type of probe t h e  temperature of i n t e r e s t  occurs a t  t he  end 
of t h e  f l e x i b l e  0.020" diameter t i p .  The t i p  i s  so  smal l  t h a t  t he  researcher  
has been unable t o  mount a thermocouple on t h e  end. 

The researcher  r equ i r e s  a means of measuring temperature on the  end of 
t h e  f l e x i b l e  probe t i p .  

0 
The temperature measurement should have a g r e c i s i o n  of 0.2 C and an 

0 0 
accuracy of 0.5 C.  The temperature range is 30 C t o  50 C.  The measurement 
method should not  s i g n i f i c a n t l y  en large  the  diameter of t h e  f l e x i b l e  t i p .  

I?. Thomas Wooten, Ph.D. 
Research Tr iangle  I n s t i t u t e  
P. 0 .  Box 12194 
Research Tr iangle  Park ,  
North Carol ina 27709 
919-549-8311 Ext .  368 



RTI/DU-63 
November 1969 

P R O B L E M  S T A T E M E N T  

"Measurement of S i n g l e  Nerve C e l l  A c t i v i t y "  

What is  Needed 

The " f i r i n g "  of i n d i v i d u a l  nerve c e l l s  must be d e t e c t e d  and t h e  d e t e c t i o n  
t echn ique  should n o t  r e q u i r e  p e n e t r a t i o n  o f  t h e  c e l l  w a l l .  

When a  neuron (a  ne rve  c e l l )  is  a p p r o p r i a t e l y  s t i m u l a t e d  by a n o t h e r  neuron,  
i t  " f i r e s "  and t h e n  r e t u r n s  t o  i t s  i n i t i a l  s t a t e .  " F i r i n g , "  t h e  conduc t ion  of 
a n  e l e c t r i c a l  p u l s e  th rough  t h e  neuron membrane (neuron c e l l  w a l l ) ,  i s  due 
t o  t r a n s i e n t  changes i n  t h e  membrane's sodium and potass ium i o n  c o n d u c t i v i t i e s .  
The c o n n e c t i o n  between two neurons is  c a l l e d  a synapse  and has  t h e  p r o p e r t y  
of t r a n s m i t t i n g  i n f o r m a t i o n  i n  one d i r e c t i o n  on ly .  One neuron can  be s t imu-  
l a t e d  by more t h a n  one d r i v i n g  neuron and c a n  s t i m u l a t e  m u l t i p l e  neurons .  

I n  a d d i t i o n  t o  t h e  above e x c i t a t o r y  a c t i o n  of one neuron on a  f o l l o w i n g  
one, t h e r e  i s  t h e  p o s s i b i l i t y  of a n  i n h i b i t o r y  e f f e c t  of a  neuron on a n o t h e r .  
These e f f e c t s  and t h e  gener  1 e l e c t r o p h y s i o l o g y  of i n d i v i d u a l  neurons  a r e  now 
reasonab ly  w e l l  unders tood.  8 ' 2  Viewing t h e  b r a i n  as a  h i g h l y  complex computer 
and t h e  neuron a s  t h e  fundamental  c i r c u i t  e lement  of t h a t  computer,  t h e  nex t  
s t e p  is  t h e  examinat ion of t h e  f u n c t i o n a l  r e l a t i o n s h i p s  of a g g r e g a t e s  of 
i n t e r c o n n e c t e d  neurons .  

The r e s e a r c h e r s  of t h e  p r e s e n t  problem a r e  s t u d y i n g  t h e  f u n c t i o n a l  
o r g a n i z a t i o n  of n e u r a l  a g g r e g a t e s  i n  t h e  s e a  h a r e ,  Aplys ia  c a l i f o r n i c a ,  a 
mul lusk about  t e n  inches  long.  I n  A p l g s i a ,  t h e r e  i s  no c e n t r a l  nervous sys tem 
analogous t o  t h e  b r a i n  and s p i n a l  cord of man. I n s t e a d ,  t h e  f u n c t i o n s  of t h e  
system a r e  c a r r i e d  o u t  by s e v e r a l  g a n g l i a ,  c h a r a c t e r i s t i c  a g g r e g a t e s  of neurons ,  
which a r e  d i s t r i b u t e d  i n  t h e  animal .  By d e t e r m i n i n g  neuron i n t e r a c t i o n s  w i t h i n  
one gang l ion ,  i t  may be p o s s i b l e  t o  de te rmine  t h e  "wir ing diagram" f o r  t h a t  
s p e c i f i c  " l o g i c  module" of t h e  system. Knowledge gained i n  t h i s  r e s e a r c h  
w i l l  c o n t r i b u t e  g r e a t l y  t o  t h e  unders tand ing  of t h e  v a s t l y  more complex human 
c e n t r a l  nervous system. The abdominal gang l ion  of Aplys ia  c o n t a i n s  abou t  1500 
neurons and of t h e s e  a t  l e a s t  30 have been r e p r o d u c i b l y  i d e n t i f i e d .  A l r e  dy 
c o n s i d e r a b l e  p rogress  h a s  been made i n  s t u d y i n g  i n t e r a c t i o n s  among t h e s e .  

3 

r a l  i n t r o d u c t o r y  textbook i s  B.  Katz ,  
McGraw-Hill, New York, 1966. 

of t h e  IEEE, 1. 3, No. 6 (June 1968) a  s p e c i a l  i s s u e  e n t i t l e d  --- 
"S tud ies  of Neural  Elements and Systems." I n  p a r t i c u l a r ,  t h e  a r t i c l e s  by 
J ,  W, Moore, " S p e c i f i c a t i o n s  f o r  Nerve Membrane Models," pp. 895-905, and 
by C ,  F ,  S  kevens, "Synaptic Physiology,  " pp. 916-930. 

3 ,  E, R .  IZandel and H Wachtel  "The F u n c t i o n a l  
i n  Aplys ia , "  i n  - and Biochemical of Nervous 
F r a n c i s  D .  C a r l s o n ,  e d ,  , P r e n t i c e - H a l l ,  Englewood C l i f f s ,  N .  J .  , 1968. 



The p re sen t  methods f o r  determinimg the  connect ions between d i f f e r e n t  
neurons use KCl- f i l l ed  g l a s s  micropipe t te  e l ec t rodes  in se r t ed  through the  
c e l l  wa l l  i n t o  t he  i n t e r i o r  of t h e  neurons i n  ques t ion .  As t i p  diameter i s  
decreased t o  reduce trauma t o  t h e  c e l l ,  t he  microelectrode impedance increases  
r e q u i r i n g  h igh  input  impedance s i g n a l  ampl i f i e r s .  

The t i p  of the  microe lec t rode  is s u b j e c t  t o  clogging and e r r a t i c  behavior ,  
and i t s  e l e  t r i c a l  p r o p e r t i e s  a r e  cons iderably  more complex than a  pure 6 
r e s i s t a n c e .  The i n s e r t i o n  of microe lec t rodes  through the  c e l l  wa l l  i n t o  the  
i n t e r i o r  of the  des i r ed  c e l l s  i s  a  d i f f i c u l t  and ted ious  process .  An 
e x t r a c e l l u l a r  a l t e r n a t i v e  t o  t h i s  technique would r ep re sen t  a s i g n i f i c a n t  break- 
through i n  t he  fundamental research  on b r a i n  and nervous system organiza t ion .  

The neurons of i n t e r e s t  i n  a r e  of the  order  of 50-100 microns 
i n  diameter and t h e i r  main c e l l  body i s  roughly s p h e r i c a l .  Whatever method 
i s  used must be a b l e  t o  d i s t i n g u i s h  one c e l l ' s  a c t i o n  from ano the r ' s .  For 
i n s t ance ,  i f  an  e x t r a c e l l u l a r  microe lec t rode  were placed e q u i d i s t a n t  from 
two neurons, one could not  t e l l  which of t he  two cont r ibu ted  t o  observed 
e l e c t r i c a l  s i g n a l s ,  It is  probably necessary t o  achieve probe dimensions in  
t h e  range of 10 microns o r  so .  The c e l l ' s  environment w i l l  be conductive 
( s a l i n e  so lu t ion ) .  

The peak change of vo l tage  of the neuron i n t e r i o r  r e l a t i v e  t o  i t s  
e x t e r i o r  i s  around 100 m i l l i v o l t s  and t h e  t o t a l  e l e c t r i c a l  c u r r e n t  ac ros s  the  
c e l l  boundary may be i n  t he  range 0.1-1.0 microamperes; these  values p e r s i s t  
f o r  times of the  order  of 10 mi l l i seconds  o r  l e s s .  The change i n  p o t e n t i a l  
i s  produced by n e t  conduction of sodium ions inward through the  neuron membrane 
followed by conduction of potassium ions outward through the  membrane. Typical 
concent ra t ions  of sodium a r e  460 mil l imoles  (mM) per  l i t e r  ou t s ide  the  neuron 
and 50 mM/1 i n s ide ;  corresponding potassium f i g u r e s  a r e  10 mM/1  ou t s ide  and 
400 mM/1 i n s ide .  

Among o ther  e f f e c t s ,  t h  r e  may be changes i n  o p t i c a l  a c t i v i t y  when a  5 neuron f i r e s .  Keyp s  e t  a l .  have been a b l e  t o  d e t e c t  small  f r a c t i o n a l  5 changes (around 10 ) i n  l i g h t  s c a t t e r e d  a t  90' a s  a  f ~ n c ~ t i o n  of nerve 
a c t i v i t y .  Also, extremely small  q u a n t i t i e s  of hea t  a r e  produced i n  nerve 
a c t i v i t y .  While t h e  researcher  i n  the  present  problem wishes a  method of 
record ing  a  nerve a c t i o n  p o t e n t i a l  by techniques not  involving the  penet ra t ion  
of neuron membranes, any s i g n i f i c a n t  improvement i n  t he  convent ional  micro- 
e l ec t rode  techniques would a l s o  be of i n t e r e s t  t o  him. 

4 .  0 .  F. Schanne, M. Lavel lee,  R .  Laprade, and S .  Gagne, Proc. IEEE 56, 
1072-1082 (June 1968). 

5. L. B. Cohen, R. D.  Keynes, and B. H i l l e ,  Nature 218, 438-441 ( 4  May 1968). 
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P R O B L E M  S T A T E M E N T  

"S t r a in  Measurements i n  Ligaments" 

A measurement technique is  needed t o  measure changes i n  l ength  (up t o  10% 
f r a c t i o n a l  changes) of l igaments i n  newly-amputated human knee j o i n t s ,  

The knee is more complicated than  a simple h inge  J o i n t ,  i n  t h a t :  (a) t h e  
a x i s  about  which f l e x i o n  and ex tens ion  t ake  p l ace  i s  no t  a  f i xed  one, but  s h i f t s  
forward du r ing  ex tens ion  and toward t h e  r e a r  du r ing  f l e x i o n ;  and (b)  t h e  begin- 
ning of f l e x i o n  and t h e  end of ex tens ion  a r e  accompanied by r o t a r y  movements 
a s s o c i a t e d  wi th  f i x a t i o n s  of t he  limb i n  a  p o s i t i o n  of g r e a t  s t a b i l i t y .  The bones 
involved i n  t he  knee a r e  t h e  femur (thighbone),  t h e  t i b i a  ( l a r g e r  lower l e g  bone), 
and t h e  f i b u l a  ( smal le r ,  ou t e r  bone of t h e  lower l eg ,  roughly p a r a l l e l  t o  t he  
t i b i a ) .  

Nearly a  dozen ligaments ( s t rong  f ib rous  bands connect ing a t  one end t o  bone 
and a t  t h e  o the r  t o  e i t h e r  another  bone o r  t o  muscle) connect t he  bones of t he  
knee j o i n t .  Of t h e s e ,  t he  c r u c i a t e  l igaments a r e  s i t u a t e d  i n  t he  middle of t h e  
knee ( see  F igure  1) .  They a r e  c a l l e d  c r u c i a t e  because they c r o s s  each o the r  
somewhat l i k e  t h e  l e t t e r  X a s  viewed from both the  f r o n t  and t h e  s i d e  of t he  
j o i n t .  Both t h e  a n t e r i o r  and p o s t e r i o r  c r u c i a t e  l igaments a r e  a t t ached  t o  t he  
femur and t o  t h e  t i b i a ;  t he  names "anter ior"  (toward the  f r o n t )  and "pos te r ior"  
(toward the  r e a r )  were derived from t h e  p o s i t i o n s  of t h e i r  a t tachment  t o  t he  
t i b i a .  

The r e sea rche r  i n  t h i s  problem is  t r y i n g  t o  determine t h e  func t ions  of t hese  
l igaments  i n  t he  knee, and t o  do t h i s  i s  measuring s t r a i n  of each a s  a  func t ion  
of ex tens ion  arrd r o t a t i o n  of t he  knee, The knees f o r  t h i s  research  come e i t h e r  
from amputations o r  r ecen t  dea ths  a t  t h e  h o s p i t a l .  The present  technique i n  t h i s  
r e sea rch  i s  t o  c o a t  t he  a n t e r i o r  and p o s t e r i o r  c r u c i a t e  l igaments w i t h  a  r a d i -  
opaque p a i n t  and then  take X-ray photographs of t h e  knee held s t a t i o n a r y  i n  
var ious  p o s i t i o n s  by a  mechanical clamp. This method, i n  a d d i t i o n  t o  r equ i r ing  
the  a s s i s t a n c e  of a l r eady  busy X-ray personnel ,  provides r e s u l t s  which a r e  too  
coa r se  f o r  t h e  purposes of t he  research .  

I f  an  a l t e r n a t e  procedure t o  t he  above can  be found, perhaps u t i l i z i n g  some 
v a r i a n t  of convent iona l  s t r a i n  gauge methods, t h e  r e sea rche r  w i l l  be a b l e  t o  
determine q u i t e  r ap id ly  t h e  r o l e  of t h e  c r u c i a t e  l igaments i n  the  knee. This 
knowledge should have d i r e c t  impact upon t reatment  of var ious  knee i n j u r i e s  
r e s u l t i n g  from impact a s  i n  automobile acc iden t s ,  a t h l e t i c s ,  and s o  f o r t h .  Duke 
Univers i ty  Medical Center is  not  a  p a r t i c u l a r l y  l a r g e  c e n t e r  f o r  t rea tment  of t h i s  
type of trauma, y e t  a t  Duke a lone  t h e r e  is an average of around t h r e e  knee inf  u r i e s  
t r e a t e d  per  day, Also a  good method of s t r a i n  measurement i n  t h i s  p a r t i c u l a r  
problem should be r e a d i l y  t r a n s f e r a b l e  t o  o the r  problems i n  or thopedics ,  



The l e n g t h  of t h e  c r u c i a t e  l igament  i s  around 3-4 cm, and t h e  t o t a l  change 
i n  l e n g t h  a s  t h e  knee moves i s  3-4 mm, a  f r a c t i o n a l  change of abou t  10 p e r c e n t .  
The i n d i v i d u a l  l igament  c r o s s  s e c t i o n  is  c i r c u l a r ,  abou t  1 cm i n  d i a m e t e r ,  
and composed o f  abou t  20-25 i n d i v i d u a l  f i b e r  bundles .  The f i b e r  bundles ,  
each %-I mm i n  d i a m e t e r ,  a r e  p r i n c i p a l l y  composed of c o l l a  e n ;  Young's modulus 8 
i s  n o t  l i n e a r  i n  c o l l a g e n ,  bu t  a neighborhood f i g u r e  i s  10 dynes/cm2 f o r  
LOO p e r c e n t  e l o n g a t i o n .  The a n t e r i o r  and p o s t e r i o r  c r u c i a t e  l igaments  a r e  
i n  c o n t a c t  a t  t h e i r  c e n t e r s  f o r  approx imate ly  h a l f  t h e i r  l e n g t h ,  s o  one has 
a c c e s s  t o  one c e n t i m e t e r  o r  l e s s  l e n g t h  a t  e i t h e r  end o f  a  c r u c i a t e  l igament  
where i t  is  n o t  i n  c o n t a c t  w i t h  t h e  o t h e r ,  The r e s e a r c h e r  wants t o  measure 
s t r a i n  i n  i n d i v i d u a l  f i b e r  bundles  of t h e  c r u c i a t e s .  Whatever d e v i c e  is  
used i n  t h i s  h i g h - s t r a i n  problem w i l l  have t o  f u n c t i o n  i n  a  conduc t ing  
environment ,  t h e  s a l i n e  s o l u t i o n  o f  t h e  body. 

A qu ick  and r e l i a b l e  method of a t t achment  t o  t h e  c r u c i a t e  l igament  f i b e r  
bundle i s  needed. The knees i n  t h i s  r e s e a r c h  w i l l  have been f r e s h l y  amputated 
and t h e  t i s s u e  w i l l  be dy ing  over a p e r i o d  of s e v e r a l  hours .  The behavior  of 
t h e  c r u c i a t e  l igaments  w i l l  d e p a r t  p r o g r e s s i v e l y  from t h a t  i n  t h e  l i v i n g  
body d u r i n g  t h i s  s e v e r a l - h o u r  p e r i o d .  It would be u n d e s i r a b l e  t o  have t o  use 
much of t h i s  a v a i l a b l e  t ime w a i t i n g  f o r  a d h e s i v e s  t o  s e t .  

For F u r t h e r  I n f o r m a t i o n ,  Contac t  

George S .  Hayne, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P.  0 .  Box 12194 
Research T r i a n g l e  Park ,  
North  C a r o l i n a  27709 
919-549-8311 Ext .  531 



P i g ,  l a ,  

Femur, seen 

A n t e r i o r  c r  
1 i 

Right  T i b i a  viewed from above,  fo l lowing  
h o r i z o n t a l  c u t  through knee j o i n t .  

P o s t e r i o r  c r u c i a t e  l igament  

F i g ,  l b ,  
0 

R i g h t  knee ,  f l exed  90 and viewed from t h e  f r o n t .  
S e v e r d l  eater ILgarnents have been remcved f o r  Chis 
v i e w ,  
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P R O B L E M  S T A T E M E N T  

"Tissue Oxygen Noni to r ing  During C h i l d b i r t h "  

What is  Needed 

A method f o r  measur ing oxygen p a r t i a l  p r e s s u r e  i n  t h e  s c a l p  of an 
i n f a n t  d u r i n g  c h i l d b i r t h  i s  needed. 

Background 

I n f a n t  m o r t a l i t y  i s  a  matter of major concern i n  h e a l t h  c a r e  because  of 
t h e  h i g h  r a t e  i n  t h i s  c o u n t r y  compared w i t h  o t h e r  c o u n t r i e s  and because  l i t t l e  
p r o g r e s s  h a s  been made s i n c e  t h e  e a r l y  1950 's .  Ten c h i l d r e n  o u t  of every  
1 ,000  b i r t h s  d i e  w i t h i n  one day of b i r t h  and two of t h e s e  t e n  d i e  w i t h i n  t h e  
f i r s t  hour .  

A c r i t i c a l  a s p e c t  of t h e  s o l u t i o n  t o  t h i s  problem i s  adequa te  moni to r ing  
of t h e  c h i l d ' s  c o n d i t i o n  w h i l e  t h e  mother i s  i n  l a b o r .  The most common moni- 
t o r i n g  t echn ique  i n  u s e  today i s  t h e  measurement of f e t a l  e l e c t r o c a r d i o g r a m  
(ECG). U n f o r t u n a t e l y ,  t h e  h e a r t  i s  one of t h e  las t  o rgans  i n  t h e  body t o  
i n d i c a t e  changes i n  t h e  body s t a t u s  and s e r i o u s  problems can deve lop  i n  t h e  
c h i l d  wi thou t  i n d i c a t i o n s  i n  t h e  ECG. A more v a l u a b l e  measure of f e t a l  s t a t u s  
would b e  t o  measure t h e  p a r t i a l  p r e s s u r e  of oxygen i n  t h e  t i s s u e  of t h e  i n f a n t  
s c a l p .  Th is  would b e  a s i g n i f i c a n t  improvement i n  f e t a l  moni to r ing  and t h e  
a t t a c k  on i n f a n t  m o r t a l i t y .  

Requirements and S p e c i f i c a t i o n s  

I f  an e l e c t r o d e  i s  r e q u i r e d  i n  t h e  oxygen p a r t i a l  p r e s s u r e  measurement, 
t h e  e l e c t r o d e  must b e  c a p a b l e  of b e i n g  f i t t e d  o n t o  t h e  i n f a n t  s c a l p  d u r i n g  
l a b o r  wi thou t  caus ing  major  t i s s u e  damage. The oxygen p a r t i a l  p r e s s u r e  v a r i e s  
between 15 and 30 mm Hg and a  measurement s e n s i t i v i t y  of 1 mm Hg i s  r e q u i r e d .  

For F u r t h e r  I n £  o rmat ion ,  Contact  

F, Thomas Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  Pa.rk, 
North C a r o l i n a  27709 
919-549-8311 Ext.  368 
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P R O B L E M  S T A T E M E N T  

"Grooves i n  Glass f o r  C e l l  Growing'' 

What i s  Needed 

A proposed method of growing o r i en t ed  ca rd i ac  muscle c e l l s  r equ i r e s  
t roughs o r  grooves, 10 microns wide and deep wi th  a l eng th  of s e v e r a l  
cen t imeters ,  i n  a g l a s s  su r f ace .  A simple method f o r  producing t h e  grooves 
i s  needed. 

Background 

The s k e l e t a l  muscle ( a l s o  c a l l e d  voluntary  muscle o r  s t r i a t e d  muscle) 
r e spons ib l e  f o r  body p o s i t i o n  changes i s  con t ro l l ed  by motor neurons (nerve 
c e l l s )  and t h e r e  i s  o r d i n a r i l y  no con t r ac t ion  i n  absence of an e x t e r n a l  
nerve impulse from the  neuron. An ind iv idua l  s k e l e t a l  muscle f i b e r  responds 
t o  neuron s t imulus  i n  an all-or-none fash ion;  b u t  t he  muscle i s  made up of 
a l a r g e  number of i nd iv idua l  f i b e r s  of d i f f e r e n t  th resholds ,  so  t h e  muscle 
has ,  by v a r i a t i o n  i n  t h e  number of f i b e r s  con t r ac t ing ,  a graded response 
depending on l e v e l  of s t imulus .  

The ca rd i ac  muscle (hea r t  muscle) i s  q u i t e  d i f f e r e n t .  It has  a spon- 
taneous con t r ac t ion  r a t e  when i s o l a t e d  from e x t e r n a l  nerves ,  a l though i t s  
r a t e  can be modified somewhat by nerves a s  we l l  a s  by chemical mechanisms. 
A s i n g l e  ca rd i ac  muscle c e l l  i n  t h e  h e a r t  is  roughly c y l i n d r i c a l ,  5-10 microns 
i n  diameter and 100 microns long. The e n t i r e  ca rd i ac  muscle responds t o  a 
s t imulus  i n  an all-or-none f a sh ion ,  conducting t h e  impulse from po in t  of 
o r i g i n  i n  t h e  same manner a s  would a s i n g l e  nerve c e l l  of a s i n g l e  s k e l e t a l  
muscle c e l l .  U n t i l  1955 i t  was thought t h a t  the  sarcoplasm ( i n  e f f e c t  the  
ca rd i ac  muscle c e l l  l i q u i d  contents )  was continuous from one c e l l  t o  t he  next .  
E lec t ron  microscopy has  shown t h i s  t o  be wrong and t h a t  a c e l l u l a r  membrane 
bounds each c e l l  which makes more d i f f i c u l t  t h e  understanding of t he  response 
of ca rd i ac  muscle a s  a whole. 

There a r e  two ways t o  ob ta in  ca rd i ac  muscle c e l l s  f o r  experimentation: 
e i t h e r  one can grow t h e  c e l l s  by c e l l  c u l t u r i n g  techniques,  o r  one can ob ta in  
t h e  c e l l s  from bulk s e c t i o n  of ca rd i ac  muscle. By c a r e f u l l y  " t ea s ing  apar t"  
ca rd i ac  muscle, the sma l l e s t  ca rd i ac  bundles t h a t  can be  obtained have 6-10 
in te rconnected  c e l l s .  This  makes i t  very d i f f i c u l t  o r  impossible t o  perform 
e l ec t rophys io log ica l  measurements on s i n g l e  c e l l s  and on ce l l - t o -ce l l  processes  
and such measurements a r e  necessary t o  understand ca rd i ac  muscle on t h e  funda- 
mental c e l l u l a r  b a s i s .  A means of ob ta in ing  a l i n e  of ca rd i ac  c e l l s  connected 
end-to-end and two o r  t h r e e  mi l l ime te r s  long would be  an accomplishment of 
g r e a t  importance. 

Some experimental evidence e x i s t s  showing t h a t  ce l lu l a r  o r i e n t a t i o n  and 
d i r e c t i o n  of growth can be  a f f e c t e d  by d e t a i l s  of t h e  s u b s t r a t e  on which they 
a r e  cu l tu red .  How and why t h i s  occurs and what v a r i a l ~ l e s  w i l l  d f f e c t  t h i s  are  
not  completely c l e a r ,  bu t  t he  researchers  f e e l  t h e r e  i s  a good chance of g e t t i n g  



c a r d i a c  rnuscle c e l l s  t o  grow i n  r e c t a n g u l a r  c r o s s  s e c t i o n  grooves  i n  a  
g l a s s  s u r f a c e ,  When grown i n  a  c u l t u r e ,  c a r d i a c  muscle  c e l l s  can be  
c h a r a c t e r i z e d  a s  roughly  r e c t a n g u l a r ,  2 microns  t h i c k ,  10-20 microns  wide ,  
and abou t  100 microns l o n g ,  A s imple  and r e l a t i v e l y  i n e x p e n s i v e  means i s  
needed t o  produce 10-micron wide,  10-micron deep grooves  s e v e r a l  c e n t i m e t e r s  
l o n g  i n  a  g l a s s  s u r f a c e ,  

a u i r e m e n t s  and S p e c i f i c a t i o n s  

The grooves  a r e  t o  b e  produced on a  s p e c i a l  t y p e  of microscope s l i d e  
cover  g l a s s .  The cover  g l a s s  is  a  d i s c  45 rnm i n  d iamete r  and 0 .16 mm t h i c k .  
The s k e t c h  below i n d i c a t e s  t h e  c r o s s  s e c t i o n a l  view of t h e  groove: 

Glass  o r  
d e p o s i t e d  m a t e r i a l  

5.16.m- 

The bot tom of t h e  groove shou ld  b e  o p t i c a l l y  c l e a r  i f  a t  a l l  p o s s i b l e  
because  t h e  r e s e a r c h e r s  employ an  i n v e r t e d  microscope l o o k i n g  upward through 
t h e  g l a s s  a t  t h e  c e l l s  growing i n  t h e  groove.  Also t h e r e  i s  t h e  p o s s i b i l i t y  
of a  two-layer s t r u c t u r e  a s  i n d i c a t e d .  I n s t e a d  of removing g l a s s  i n  forming 
t h e  groove,  p o s s i b l y  some m a t e r i a l  could  be  added. The q u e s t i o n  of what 
m a t e r i a l  t o  add i s  d i f f i c u l t  because  of t h e  c e l l u l a r  r e s p o n s e s  t o  d i f f e r e n t  
m a t e r i a l s .  T h i s  is  why a  s i n g l e  m a t e r i a l  ( g l a s s )  w i t h  grooves  might be  
b e t t e r .  There i s  a t  l e a s t  some ev idence ,  however, i n d i c a t i n g  t h a t  a  l a y e r  
of c e l l u l o s e  a c e t a t e  w i t h  grooves  c u t  through t o  g l a s s  might  work. 

A number of p a r a l l e l  grooves  would b e  d e s i r a b l e  f o r  t h e  i n i t i a l  work 
e s t a b l i s h i n g  t h e  c o n d i t i o n s  f o r  growing t h e  d e s i r e d  l i n e a r  c h a i n s  of c a r d i a c  
c e l l s .  The s p a c i n g  between p a r a l l e l  grooves  would n o t  b e  c r i t i c a l ,  p o s s i b l y  
100 microns  o r  s o  would do. Once t h e  growth r u l e s  a r e  e s t a b l i s h e d ,  t h e  
r e s e a r c h e r s  e v e n t u a l l y  w i l l  want b ranch ing  o r  "Y-shaped" grooves .  The method 
of producing grooves should work f o r  t h i s  shape t o o ,  i f  p o s s i b l e ,  S i m p l i c i t y ,  
r e l i a b i l i t y  and r e i a t i v e l y  low c o s t  ( t e n s  of d o l l a r s  p e r  g l a s s  d i s c  i n s t e a d  
of hundreds)  a r e  impor tan t  c o n s t r a i n t s ,  and t h e  r e s e a r c h e r s  would p r e f e r  some- 
t h i n g  which could  be  implemented a t  t h e i r  u n i v e r s i t y  r a t h e r  t h a n  r e q u i r e  
o u t s i d e  f a c i l i t i e s .  
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P R O B L E P I  S T A T E M E N T  

"esp t ra to ry  I4easurements During Exerc i se"  

l a a t  i s  Needed 

For one of t h e  test s t a t i o n s  i n  a  m u l t i p h a s i c  h e a l t h - s c r e e n i n g  c l i n i c ,  
a  means i s  needed f o r  measuring r e s p i r a t o r y  g a s  volume and f low r a t e  d u r i n g  
e x e r c i s e .  The requ i rements  a r e  g i v e n  i n  t h e  "Requirements and S p e c i f i c a t i o n s s '  
s e c t i o n  of t h i s  problem s t a t e m e n t ;  t h e  "BackgroundP' s e c t i o n  below d i s c u s s e s  
on ly  m u l t i p h a s i c  s c r e e n i n g  i n  g e n e r a l .  

Baclcgr ound - 

I n  t h i s  c o u n t r y ,  chron ic  d i s e a s e  h a s  s u r p a s s e d  a c c i d e n t s  and i n f e c t i o u s  
d i s e a s e s  a s  t h e  major causes  of d e a t h  and d i s a b i l i t y .  Cancer ,  h e a r t  d i s e a s e ,  
and s t r o k e  c u r r e n t l y  account  f o r  70 p e r c e n t  of a l l  d e a t h s .  P e r i o d i c  checkups 
have long  been recornended a s  a means of improving i n d i v i d u a l  h e a l t h ,  b u t  i f  
t h e  d e c i s i o n  were t o  be  made t o  p r o v i d e  h e a l t h  examinat ion f o r  l a r g e  numbers 
of p e o p l e ,  p r a c t i c i n g  p h y s i c i a n s  would b e  over loaded ;  t h e r e  s imply a r e n ' t  
enough p h y s i c i a n s  now nor  w i l l  t h e r e  b e  f o r  a t  l e a s t  t h e  n e x t  decade.  

What i s  needed i s  a  way of s c r e e n i n g  o u t  t h e  r e l a t i v e l y  l a r g e  number of 
h e a l t h y  o r  normal p a t i e n t s  p r i o r  t o  p h y s i c i a n  consu1 ta t ion ;one  e f f i c i e n t  and 
economical  means of doing s o  i s  by u s e  of automated m u l t i t e s t  l a b o r a t o r i e s .  
14. F. Col len h a s  p o p u l a r i z e d  t h e  t e r m  "Mult iphasic  C l i n i c "  f o r  m u l t i t e s t  o r  
m u l t i s e n s o r  h e a l t h  examina t ions ,  and m u l t i p h a s i c  s c r e e n i n g  h a s  come t o  mean 
t h e  s y s t e m a t i c  ga t l i e r ing  and h a n d l i n g  of p a t i e n t  d a t a  a t  o r  b e f o r e  t h e  p o i n t  
of p h y s i c i a n  c o n s u l t a t i o n .  S t r o n g l y  impl ied  i n  t h e  above i s  t h e  u s e  of com- 
p u t e r s  t o  h a n d l e  t h e  p a t i e n t  d a t a ,  w i t h  a l l  t e s t s  f o r  which a p p r o p r i a t e  
i n s t r u m e n t a t i o n  e x i s t s  on- l ine  u l t i m a t e l y .  

A  fundamental  assumption i n  t h e  e n t i r e  m u l t i p h a s i c  s c r e e n i n g  c l i n i c  
r a t i o n a l e  i s  t h a t  e a r l y  d e t e c t i o n  of "p red i sease"  s t a t i o n s  w i l l  b e  of b e n e f i t  
i n  subsequent  t h e r a p y ,  Th is  h a s  y e t  t o  b e  s c i e n t i f i c a l l y  proved,  To develop 
m u l t i p h a s i c  t e c h n i q u e s  and t o  p rov ide  a  body of  d a t a  t o  s u p p o r t  f u t u r e  d e c i s i o n s  
on t h e  r o l e  of m u l t i p h a s i c  s c r e e n i n g  i n  h e a l t h  c a r e  d e l i v e r y ,  a  number of mul t i -  
p h a s i c  c l i n i c s  a r e  now be ing  o p e r a t e d  on a  pragmat ic  b a s i s .  Notable  among 
t h e s e  a r e  f o u r  P u b l i c  Hea l th  S e r v i c e  p i l o t  p r o j e c t s  a t  Tulane U n i v e r s i t y  School 
of H e d i c i n e ,  Plilwaukee C i t y  B e a l t h  Department,  Rhode I s l a n d  S t a t e  Hea l th  
Department,  and t h e  Brookdale H o s p i t a l  Cen te r  i n  Brooklyn. 

A  number of c-lisease o r  p r e d i s e a s e  symptoms niay appear  under p h y s i o l o g i c a l  
s t r e s s  ( e x e r c i s e )  which would n o t  b e  p r e s e n t  i n  a  normal o r  r e s t i n g  s t a t e ,  
Because of c h c  hcs-wiip:foa of b e n e f i t  from e a r l y  d e t e c t i o n ,  t h e  r e s e a r c h e r s  a t  
Brookdale i l n s p ~ t a l  Center i I t a l t iphas ic  Hea l th  Screening C l i n i c  a r e  planning 
a d d i t i o r ?  of a srrcArc; te. ;L s t a t i o n  t o  t h e  c l i n i c .  A t  t h e  s t r e s s  t e s t  s t a t i o r i ,  
phys io log icaL measurements a r e  t o  b e  c a r r i e d  o u t  i n  t h e  c a r d i o v a s c u l a r  and 
ptrlmonary s y s t e m s  iiuzlng c x e r c r s e ,  and t h e  hope i s  co provi i ie  e a r l y  de tec tLon  
of r e s p i r a ~ o r y  d i s o ~ i l e r s ,  l a t e n t  c a r d i a c  f a i l u r e s ,  and strolce proneness .  



S t r e s s  t e s t i n g  has not  thus  f a r  been adopted i n  mass screening  because 
of l a c k  of s u i t a b l e  equipment and techniques;  a v a i l a b l e  techniques involve 
discomfort  t o  t h e  p a t i e n t ,  g ive  poor s i g n a l s  due t o  v a r i o u s  motion a r t i f a c t s ,  
and a r e  too time consuming. Ce r t a in ly  NASA has  cons iderable  e x p e r t i s e  i n  
s t r e s s  t e s t i n g  and t h i s  should permit s i g n i f i c a n t  con t r ibu t ions  t o  t h e  
design and ope ra t ion  of t he  s t r e s s  t e s t i n g  s t a t i o n  a t  t h e  Broolcdale Hospi ta l  
Center.  

Requirements and Spec i f i ca t ions  

The record of a  p a t i e n t ' s  a i r  volume ( i n  l i t e r s )  and flow r a t e  ( i n  
l i t e r s / s e c )  a s  a  func t ion  of time can provide information about t he  presence 
of asthma, emphysema, o r  o the r  o b s t r u c t i v e  lung d i seases .  I f  t h e  p a t i e n t  
i s  t o  be exe rc i s ing  on a  t r e a d m i l l ,  a  s e t  of s t e p s ,  o r  a  b i c y c l e  ergometer,  
t h e  instrument  must have low bulk and must a l low s u f f i c i e n t  p a t i e n t  freedom 
of motion. 

The fol lowing i s  a l ist  of some of t h e  r e l evan t  requirements  and speci-  
f i c a t i o n s  i n  t h i s  problem: 

The response time of t h e  instrument  should be  l e s s  
than  0 .1  second and p re fe rab ly  10  mi l l i s econds  o r  l e s s .  
The peak flow r a t e  (measured f o r  a  10-millisecond time 
i n t e r v a l )  f o r  a  normal popula t ion  i s  351-804 l i t e r s /  
minute (males) and 166-6114 l i t e r s / m i n u t e  (females) .  
The maximum v e n t i l a t i o n  during a  one-minute per iod  f o r  
a  normal populat ion is  47-259 l i t e r s  (males) and 48-177 
l i t e r s  ( females) .  
The v i t a l  capac i ty  (maximum volume of a i r  which can be 
taken i n  fol lowing t h e  maximum exp i r a t ion )  f o r  a  normal 
popula t ion  is 2.06-6.7 l i t e r s  (males) and 1.2-4.6 l i t e r s  
( females) .  
The instrument  must have accuracy of 5  percent  o r  b e t t e r .  
Apart from requ i r ing  him t o  b rea the  through an appropr ia te  
mouthpiece o r  mask, t h e  instrument  must n o t  r e q u i r e  addi- 
t i o n a l  p a t i e n t ' s  cooperat ion.  
I d e a l l y  the  instrument  would have zero impedance t o  t h e  
p a t i e n t ' s  b rea th ing ;  t he  maximum back-pressure t o l e r a b l e  
is  3 mm Hg. 
The ins t rument ' s  ou tput  should al low eventua l  use on-l ine 
t o  a  d i g i t a l  computer. 
No motion a r t i f a c t s  a r e  al lowable from t h e  p a t i e n t ' s  
motion during exe rc i se ,  and t h e  instrument  must have 
s u f f i c i e n t l y  low bulk and freedom of motion t o  permit 
t h a t  exe rc i se .  

I n  add i t i on  t o  techniques f o r  r e s p i r a t o r y  measurements during exe rc i se ,  
t he  r e sea rche r s  want t o  know r e s u l t s  from o the r  research  i n  t h i s  f i e l d ,  p a r t i -  
c u l a r l y  a s  r e l a t e d  t o  def in ing  normal and abnormal p a t i e n t  performance. 
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P R O B L E M  S T A T E M E N T  

11 Respi ra tory  Gas Analysis  During Ekercise" 

What is  Needed 

A method i s  needed f o r  measuring, on a  breath-to-breath b a s i s ,  t h e  
gas content  of a i r  inha led  and exhaled by a  p a t i e n t  during exe rc i se .  

Background 

The r e sea rche r s  a r e  planning t o  add a s t r e s s - t e s t i n g  s t a t i o n  t o  a 
mul t iphas i c  heal th-screening c l i n i c  and one of t he  des i r ed  measurements 
dur ing  s t r e s s  (exerc ise)  i s  the  gas a n a l y s i s  of t h e  p a t i e n t ' s  b rea th .  
(Problem Statement RTI/BH-1 provides mul t iphas ic  screening  background 
informat ion . )  Comparison of t h e  b rea th  a n a l y s i s  f o r  air  inha led  and f o r  
a i r  exhaled w i l l  g ive  t h e  amount of gases a c t u a l l y  exchanged i n  t h e  lungs. 
The combination of t h e  gas flow and volume measurements ( sub jec t  of problem 
BH-1) and the  r e s p i r a t o r y  gas a n a l y s i s  of t h i s  problem w i l l  provide e a r l y  
d e t e c t i o n  of both o b s t r u c t i o n a l  and func t iona l  d i so rde r s  of t h e  pulmonary 
system. 

Requirements and Spec i f i ca t ions  

The measurement system needed f o r  t h e  b rea th  a n a l y s i s  dur ing  exe rc i se  
must have t h e  following p r o p e r t i e s :  

1. The phys io logica l ly  important  gases  a r e  oxygen, carbon d ioxide ,  
and n i t rogen .  Oxygen measurement a lone  would be  a  s i g n i f i c a n t  
achievement, b u t  i t  would b e  p r e f e r a b l e  t o  measure a l l  t h r e e  
gases .  Normally f o r  a  p a t i e n t  brea th ing  dry a i r  a t  s e a  l e v e l  
wi th  760 mm Hg atmosphere p re s su re ,  t h e  a lveo la r  p re s su re s  ( t h e  
pressures  w i th in  t h e  lung,  hence t y p i c a l  of b rea th  content  when 
exhaling) of oxygen, carbon d ioxide ,  and n i t rogen  a r e  103 mm Hg, 
40 mm Hg, and 570 mm Hg, r e spec t ive ly .  Corresponding va lues  f o r  
dry  a i r  (hence a i r  i n s p i r e d )  a r e  159 mm Hg of oxygen, 2 .3  mm Hg 
carbon d ioxide ,  and 598 mm Hg ni t rogen .  

The normal r e s p i r a t i o n  r a t e  i s  12-20 b rea ths  per  minute,  bu t  i n  
exe rc i se  t he  r a t e  could b e  a s  h igh  a s  80 per  minute. The response 
time of t he  gas a n a l y s i s  measurement must be s h o r t  enough t o  
measure w e l l  wi th in  one r e s p i r a t o r y  cycle .  For i n s t ance ,  t en  
measurements i n  one cyc le  a t  a  60 b rea th  per  minute r e s p i r a t i o n  
r a t e  would r e q u i r e  a response time s h o r t e r  than 0 . 1  second. Alter-  
n a t i v e l y ,  some type of gas sample trap-and-hold technique could be 
employed with a slower response gas monitor,  b u t  t h i s  i s  much l e s s  
des i r ab l e .  



3 .  S i n c e  t h e  p a t i e n t  w i l l  b e  e x e r c i s i n g  on a t r e a d m i l l  o r  a 
b i c y c l e  ergometer ,  t h e  gas  measurement sys tem must n o t  i n t e r -  
f e r e  w i t h  h i s  mot ion,  and t h e r e  must b e  no mot ion a r t i f a c t s  i n  
t h e  sys tem o u t p u t .  

4 ,  The o u t p u t  shou ld  b e  i n  a form a l lowing  e v e n t u a l  connec t ion  
on- l ine  t o  a computer. 

The r e s e a r c h e r s  a r e  a l s o  i n t e r e s t e d  i n  l e a r n i n g  of o t h e r  measurements 
of r e s p i r a t o r y  g a s e s  d u r i n g  e x e r c i s e ;  t h i s  shou ld  h e l p  i n  de te rmin ing  
normal b e h a v i o r  f o r  d i f f e r e n t  p o p u l a t i o n  groups .  

Refe rences  

1. J. E. Cotes ,  Lung F u n c t i o n ,  (Oxford: Blackwel l  S c i e n t i f i c  
P u b l i c a t i o n s ,  1965) p r o v i d e s  g e n e r a l  r e f e r e n c e  m a t e r i a l  on a l l  
a s p e c t s  of t h e  r e s p i r a t o r y  system. 
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P R O B L E M  S T A T E M E N T  

"Blood Pressure  During Exercise" 

What i s  Needed 

A means i s  needed f o r  recording the  blood p re s su re  of a p a t i e n t  while  
he is  exe rc i s ing .  

Background 

The r e sea rche r s  a r e  planning a s t r e s s - t e s t i n g  s t a t i o n  t o  be added t o  a 
mu l t iphas i c  heal th-screening c l i n i c ;  background information about t h i s  is  
given an problem statement  RTIIBH-1. The o v e r a l l  goa l  i s  e a r l y  d e t e c t i o n  
of pulmonary d i s o r d e r ,  s t r o k e  proneness,  and l a t e n t  ca rd i ac  d i s o r d e r s ,  and 
one of t h e  important  phys io logica l  parameters t o  be  measured during exer- 
c i s e  is  t h e  p a t i e n t ' s  blood pressure .  

Reauirements and S ~ e c i f i c a t i o n s  

The range of pressures  t o  be encountered w i l l  b e  w i th in  0-300 mm Hg 
and a t y p i c a l  a d u l t  man may have a s y s t o l i c / d i a s t o l i c  p re s su re  of 130180 mm Hg. 
The s y s t o l i c  i s  the  peak p re s su re  and t h e  d i a s t o l i c  i s  t h e  minimum o r  r e s i d u a l  
p re s su re ;  t hese  a r e  u sua l ly  measured us ing  the  f a m i l i a r  i n f l a t a b l e  cuf f  over 
t h e  b r a c h i a l  a r t e r y  i n  the  upper a r m .  The pulse  r a t e ,  and thus  the  number of 
blood p re s su re  cyc l e s ,  w i l l  l i e  w i th in  t h e  range 0-4 b e a t s  per  second. It 
would be d e s i r a b l e  t o  measure the  blood p re s su re  cont inuously throughout the  
p re s su re  cyc le .  The pressure  should be accu ra t e  t o  w i th in  severa lmm Hg. 

The method used t o  measure blood p re s su re  should be noninvasive and non- 
t raumat ic ,  and should no t  r e q u i r e  t he  p a t i e n t ' s  cooperat ion.  The instrument  
used must b e  easy t o  apply r e l i a b l y  t o  t h e  p a t i e n t ,  and must be  f r e e  of 
motion a r t i f a c t s  from the  p a t i e n t ' s  exe rc i se .  The p a r t  of t he  instrument  
a t tached  t o  t h e  p a t i e n t  must n o t  be  unusual ly bulky nor must i t  r e s t r i c t  h i s  
motion dur ing  exe rc i se .  The instrument  should be  s imple,  r e l i a b l e ,  easy t o  
main ta in ,  should possess  s e l f - c a l i b r a t i o n  c a p a b i l i t y  i f  app ropr i a t e ,  and the  
output  must be  s u i t a b l e  u l t ima te ly  f o r  i npu t  t o  an  on-line computer. 

The r e sea rche r s  a r e  a l s o  i n t e r e s t e d  i n  o the r  s t u d i e s  of blood p re s su re  a s  
a func t ion  of exe rc i se ,  p a r t i c u l a r l y  information h e l p f u l  i n  de f in ing  normal 
and abnormal performance f o r  var ious  age groups. 

For Fur ther  Information,  Contact 

George S. Hayne, Ph.D. 
Research Tr iangle  I n s t i t u t e  
P. 0 .  Box 12194 
Research Tr iangle  Park ,  
North Carol ina 27709 
919-549-8311 Ext. 531 



RTL/RR-4 
February 1970 

P R O B L E M  S T A T E M E N T  

"Blood Flow During Exerc i se"  

What i s  Needed 

A non invas ive  means i s  needed f o r  measur ing blood f l o w  i n  a  p a t i e n t ' s  
a r t e r y  dur ing  e x e r c i s e .  

Background 

The r e s e a r c h e r s  a r e  des ign ing  a s t r e s s - t e s t i n g  s t a t i o n  t o  b e  added t o  
a  m u l t i p h a s i c  h e a l t h - s c r e e n i n g  c l i n i c .  (Problem Statement  RTI/BH-1 prov ides  
background informat i -on on m u l t i p h a s i c  s c r e e n i n g . )  Some of t h e  physiological .  
measurements t o  b e  performed under stress ( e x e r c i s e )  a r e  d i r e c t e d  toward 
d e t e c t i o n  of s t r o k e  p roneness ,  A s t r o k e  o c c u r s  s o  suddenly  because  i t  i s  
due t o  t h e  f a i l u r e  of a  p o r t i o n  of t h e  c i r c u l a t o r y  sys tem c a r r y i n g  oxygenated 
blood t o  t h e  b r a i n .  Hence, measurements of blood v e s s e l  c h a r a c t e r i s t i c s  
and dynamics, p a r t i c u l a r l y  measurements d e t e c t i n g  p a r t i a l  o c c l u s i o n  of a  
v e s s e l ,  a r e  p o t e n t i a l l y  c a p a b l e  of p r o v i d i n g  e a r l y  d e t e c t i o n  of s t r o k e  
p roneness ,  For m a s s  s c r e e n i n g  a p p l i c a t i o n s ,  t h e  measuring t e c h n i q u e  d e s i r e d  
i s  b lood  f low r a t e  i n  t h e  c a r o t i d  a r t e r i e s  ( t h e  p a i r  of major a r t e r i e s ,  one 
a t  e i t h e r  s i d e  of t h e  neck,  supp ly ing  blood t o  t h e  head) .  

A s  a l r e a d y  i n d i c a t e d ,  t h e  method used t o  measure b lood  f low r a t e  i n  t h e  
c a r o t i d  a r t e r i e s  must b e  non invas ive  o r  a t  most semi invas ive .  That i s ,  s m a l l  
e l e c t r o d e s  i n s e r t e d  i n t o  t h e  blood stream ( p o s s i b l y  f o r  some type  of e l e c t r o -  
magnet ic  f lowmeter)  might be t o l e r a b l e  f o r  r e s e a r c h  purposes ,  b u t  c a n n u l a t i o n  
o r  c a t h e t e r i z a t i o n  d e f i n i t e l y  a r e  n o t  t o l e r a b l e .  The measurement t echn ique  
must n o t  he  a d v e r s e l y  a f f e c t e d  by t h e  p a t i e n t ' s  motion d u r i n g  e x e r c i s e  nor  
must t h a t  motion b e  unduly h indered .  I d e a l l y ,  t h e  measuring i n s t r u m e n t  would 
be  easy  t o  app ly  q u i c k l y  t o  t h e  p a t i e n t ,  would b e  s imple  and r e l i a b l e  t o  u s e ,  
and would p o s s e s s  s e l f - c a l i b r a t i o n  f e a t u r e s .  The o u t p u t  shou ld  be i n  a form 
s u i t a b l e  f o r  eventua-l  u s e  on- l ine  w i t h  a  d i g i t a l  computer, 

For non invas ive  measurements of b lood f low,  t h e  t echn iques  a v a i l a b l e  a r e  
q u i t e  l i m i t e d ,  B a s i c a l l y ,  i n f o r m a t i o n  about  f low has  t o  b e  c a r r i e d  i n t o  and 
o u t  of t h e  blood s t r e a m  through t h e  s k i n  and t h e  blood v e s s e l  w a l l s ;  a v a i l a b l e  
f o r  t h i s  would b e  e l e c t r o m a g n e t i c  r a d i a t i o n  and p r e s s u r e  waves ( i . e , ,  sound) .  
Nuclear magnet ic  resonance t echn iques  permit  some f low measurement, b u t  t h e  
method i s  too  complex and t h e  equipment probably  t o o  bu lky  f o r  t h e  p r e s e n t  
a p p i i c a f  i o n .  Perhaps  some form of Doppler-shif  t u l t r a s o n i c  flowmeter' i s  a  
p o s s i b i l i t y ,  

1 
K,F ,  Kushmer, D,W. Baker,  and B,F .  S t e g a l l ,  9 

21, 544-566 and 701-711 (1966).  - 



The r e s e a r c h e r s  a r e  a l s o  i n t e r e s t e d  i n  d e t a i l  of o t h e r  exper iments  on 
b lood  f low i n  t h e  c a r o t i d  a r t e r i e s  and on o t h e r  p e r i p h e r a l  b lood  f low as 
a f u n c t i o n  of e x e r c i s e ,  p a r t i c u l a r l y  a s  t h o s e  exper iments  can c o n t r i b u t e  
t o  d e f i n i n g  normal and abnormal r e s u l t s  f o r  d i f f e r e n t  p o p u l a t i o n  groups .  

For  F u r t h e r  In format ion ,  Contact  

George S .  Hayne, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  Park ,  
North C a r o l i n a  27709 
919-549-8311 Ext .  531 



RTI/BH-5 
February  19 70 

P R O B L E M  S T A T E M E N T  

"ECG During Exerc i se"  

What i s  Needed 

Elec t rocard iogram s i g n a l s  f r e e  oE motion a r t i f a c t s  must be  o b t a i n e d  f o r  
p a t i e n t s  who a r e  e x e r c i s i n g .  

Background 

The r e s e a r c h e r s  a r e  p l a n n i n g  a s t r e s s - t e s t i n g  s t a t i o n  f o r  a  m u l t i p h a s i c  
h e a l t h - s c r e e n i n g  c l i n i c  and one of t h e  impor tan t  measurements d u r i n g  stress 
( e x e r c i s e )  i s  t h e  p a t i e n t ' s  e lec t rocard iogram.  (Problem Statement  RTI/BH-1 
p r o v i d e s  m u l t i p h a s i c  s c r e e n i n g  background i n f o r m a t i o n . )  The p r i n c i p a l  d i f f i -  
c u l t y  a n t i c i p a t e d  i s  i n  t h e  e l e c t r o d e  connec t ion  t o  t h e  p a t i e n t .  A conven- 
t i o n a l  ECG e l e c t r o d e  may, because  of p e r s p i r a t i o n  and mot ion,  l o o s e n  and f a l l  
o f f  o r  i t  may s t a y  on b u t  g i v e  poor ,  e l e c t r i c a l l y  n o i s y  s i g n a l s .  E l e c t r o d e s  
f r e e  of t h e s e  problems a r e  needed. 

x u i r e m e n t s  and S p e c i f i c a t i o n s  

I n  t h i s  m u l t i p h a s i c  s c r e e n i n g  u s e ,  t h e  p a t i e n t ' s  ECG e l e c t r o d e  must per-  
m i t  freedom of motion d u r i n g  e x e r c i s e  on a  t r e a d m i l l  o r  a b i c y c l e  e rgomete r ,  
must n o t  cause  p a t i e n t  d i s c o m f o r t ,  and must b e  e a s y  t o  app ly  r e l i a b l y .  
Probably  a  t e c h n i c i a n ,  n o t  a  d o c t o r ,  w i l l  b e  a t t a c h i n g  t h e  e l e c t r o d e s  t o  t h e  
p a t i e n t ,  For t h i s  s c r e e n i n g  a p p l i c a t i o n ,  c o s t  p e r  p a t i e n t  processed must b e  
minimized and e l e c t r o d e s  must n o t  r e q u i r e  much t ime  f o r  a t tachment  o r  removal. 

The r e s e a r c h e r s  a r e  a l s o  i n t e r e s t e d  i n  t h e  r e s u l t s  of o t h e r  exper iments  
r e c o r d i n g  e l e c t r o c a r d i o g r a m s  under p h y s i c a l  s t r e s s ,  p a r t i c u l a r l y  exper iments  
whose d a t a  can h e l p  i n  d e f i n i n g  normal and abnormal r e s u l t s  f o r  d i f f e r e n t  
p o p u l a t i o n  groups .  

For F u r t h e r  In format ion ,  Contact  

George S .  Hayne, Ph.D, 
Research T r i a n g l e  I n s t i t u t e  
P.  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North C a r o l i n a  29709 
919-549-8311 Ext ,  531 



RTP/BH-6 
March 1970 

P R O B L E M  S T A T E M E N T  

"Exercise Capacity and Standard iza t ion  i n  Human S t r e s s  Test ing" 

What i s  Needed 

Information and experimental  d a t a  is  needed on va r ious  types of exe rc i se  
t e s t s ,  p a r t i c u l a r l y  information r e l a t e d  t o  s t anda rd iza t ion  of exe rc i se  
t e s t s  and t o  d e f i n i t i o n s  of normal performance f o r  d i f f e r e n t  groups wi th in  
t h e  genera l  populat ion.  

Background 

The problem o r i g i n a t o r s  a r e  designing a  s t r e s s - t e s t i n g  s t a t i o n  t o  be 
added t o  a mul t iphas ic  screening  c l i n i c .  (Problem RTI/BH-1, February, 1970, 
provides mul t iphas ic  screening  background information.)  A t  t h e  s t r e s s -  
t e s t i n g  s t a t i o n ,  a  number of phys io logica l  measurements w i l l  b e  c a r r i e d  out  
f o r  a  p a t i e n t  during s t r e s s  ( exe rc i se ) .  I n  a d d i t i o n  t o  planning t h e  physio- 
l o g i c a l  m e a s ~ r e m e n t s ~ a t t e n t i o n  must b e  given t o  t he  exe rc i se  procedure t o  
b e  used. 

There a r e  two ways one could administer  e x e r c i s e ,  by maximum or  by sub- 
maximum e f f o r t  techniques. I n  maximum e f f o r t  techniques the  s u b j e c t  is  
e i t h e r  requi red  t o  work a t  a  given load l e v e l  f o r  a s  long a s  he can maintain 
t h a t  ou tput  o r  e l s e  i s  asked t o  put  out  h i s  maximum e f f o r t  f o r  a  given time. 
Submaximum e f f o r t  techniques genera l ly  r e q u i r e  t h e  sub jec t  t o  maintain a  
given output  l e v e l  f o r  a  p r e s e t  time. Devices on which the  e x e r c i s e  is  
a c t u a l l y  performed inc lude  t h e  b i c y c l e  ergometer,  t h e  t r e a d m i l l ,  and one o r  
s e v e r a l  s t e p s .  

A number of s t u d i e s  have been done on va r ious  phys io logica l  processes  
a s  a  func t ion  of exe rc i se ,  and t h e  problem o r i g i n a t o r s  would l i k e  t o  u t i l i z e  
some of t h i s  d a t a  i n  de f in ing  normal vs .  abnormal performance of t he  s u b j e c t s  
i n  t h e  s t r e s s - t e s t i n g  s t a t i o n  of t h e  mul t iphas ic  screening c l i n i c .  Unfortu- 
n a t e l y ,  t h e r e  has  been l i t t l e  o r  no s t anda rd iza t ion  of t h e  d i f f e r e n t  exe rc i se  
t e s t s  i n  t h e  p a s t ,  each experiment having used d i f f e r e n t  a r b i t r a r y  work l e v e l s  
and schedules .  

I n  planning the  s t r e s s - t e s t i n g  s t a t i o n ,  t he  researchers  have t o  decide 
on an exe rc i se  t e s t  p ro toco l  t o  be  followed. Information about any exerc ise-  
t e s t i n g  which NASA has done o r  i s  doing would be  va luable  f o r  planning and 
des igning  t h e  s t r e s s - t e s t i n g  s t a t i o n .  

Requirements and Specif . icat ions 

Two d i f f e r e n t  types of experimental information a r e  needed, F i r s t ,  
information is  needed on the  s t anda rd iza t ion  of d i f f e r e n t  poss ib l e  exe rc i se  
t e s t s  of both the  maximum e f f o r t  and submaximum e f f o r t  types.  Second, i n fo r -  
mation is  needed de f in ing  normal and abnormal performance on these  t e s t s  by 
d i f f e r e n t  populat ion groups. Although t h e  s t r e s s - t e s t i n g  s t a t i o n  w i l l  be 



p r o c e s s i n g  a heterogeneous  "off  t h e  s t r e e t "  p o p u l a t i o n ,  d a t a  from even one 
narrow group (25-year-old men i n  e x c e l l e n t  p h y s i c a l  c o n d i t i o n ,  a s  an example) 
would be  h e l p f u l  to t h e  r e s e a r c h e r s .  

The r e s e a r c h e r s  have a l r e a d y  manual ly  sea rched  t h e  open l i t e r a t u r e  i n  
t h i s  a r e a ,  This  problem s t a t e m e n t  s e e k s  i n f o r m a t i o n  about  NASA-sponsored 
work which can h e l p  i n  d e s i g n i n g  t h e  s t r e s s - t e s t i n g  s t a t i o n ,  p lann ing  t h e  
e x e r c i s e  p r o t o c o l  t o  b e  fo l lowed ,  and d e f i n i n g  normal performance paramete rs  
f o r  t h e  p o p u l a t i o n s  t o  be  s c r e e n e d ,  

Refe rences  

I. R. J.  Shephard,  I n t .  Z .  Angew, P h y s i o l .  e i n s c h l .  A r b e i t s p h y s i o l . ,  
23,  219-30 (1966) ,  p r e s e n t s  one comparison of d i f f e r e n t  e x e r c i s e  - 
t e s t s  f o r  a s s e s s i n g  c a r d i o - r e s p i r a t o r y  f i t n e s s .  

2 ,  L .  G .  EkeLund, Ann. Rev. P h y s i o l . ,  31, 85-116 (1967),  i s  a 
v e r y  good review a r t i c l e  cover ing  a l l  a s p e c t s  of e x e r c i s e .  

3. T. S j o s t r a n d ,  e d , ,  C l i n i c a l  Physiology.  P a t h o p h y s i o l o g i c a l  Basis 
and P r a c t i c a l  A p p l i c a t i o n  ( P h i l a d e l p h i a :  J .  B .  L i p p i n c o t t  Co., 
1967) i n c l u d e s  a  c h a p t e r  on e x e r c i s e  t e s t s .  

For F u r t h e r  In format ion ,  Contact  

George S .  Hayne, Ph.D* 
Research T r i a n g l e  I n s t i t u t e  
P .  0 ,  Box 12194 
Research T r i a n g l e  Park,  
North C a r o l i n a  27709 
919-549-8311 E x t ,  531 



RTI/TU-1 
January 1970 

P R O B L E M  S T A T E M E N T  

"Shock Wave Measurement'' 

What i s  Needed 

A p re s su re  t ransducer  f o r  measuring shock waves i n  the b r a i n  i s  
requi red .  

Backrrr ound 

Brain damage due t o  a c c i d e n t a l  i n j u r y  from f a l l s ,  automobile a c c i d e n t s ,  
and o ther  acc iden t s  i s  a s i g n i f i c a n t  cause of i n j u r y  and d i s a b i l i t y  i n  
t h i s  country.  For example, l a s t  year  t h e r e  were 140,000 d i s a b l i n g  acc iden t s  
involving b r a i n  damage i n  work r e l a t e d  cases  alone.  The damage occurs  when 
a blow t o  t h e  s k u l l  i s  t ransmi t ted  through the  bone t o  t he  underlying b r a i n  
t i s s u e .  I n  order  t o  b e t t e r  understand the  f o r c e s  exer ted  on t h e  b r a i n  
t i s s u e ,  much t h e o r e t i c a l  work has  been conducted. Two d i f f e r e n t  t h e o r i e s  
of cons iderable  mer i t  have a r i s e n  but  no experimental  work has been conducted 
which w i l l  v e r i f y  exac t ly  how the  s t r e s s e s  occur i n  t he  b r a i n  under vary ing  
condi t ions  of appl ied  s t r e s s .  V e r i f i c a t i o n  of t h e s e  s t r e s s  p a t t e r n s  i s  
important i n  understanding the  damage done t o  b r a i n  t i s s u e  from a blow t o  
t h e  head. 

The researcher  i s  planning t o  conduct experiments on an experimental 
model of t h e  head by applying a sharp blow t o  t h e  model and measuring t h e  
fo rces  a t  va r ious  p o i n t  i n  t h e  model. The second phase of t h e  program w i l l  
involve repea t ing  these  measurements by implanting t h e  p re s su re  t ransducer  
i n  t he  s k u l l  of pr imates .  

Reauirements and S ~ e c i f i c a t i o n s  

A shock wave pressure  t ransducer  i s  requi red  which can measure a nega t ive  
pressure  of 3 mm Hg with a response time l e s s  than 100 microseconds. The 
t ransducer  diameter must be between 1 and 4 mil l ime te r s .  

For Further  Information,  Contact 

F. Thomas Wooten, Ph.D. 
Research Tr iangle  I n s t i t u t e  
P. 0 .  Box 12194 
Research Tr iangle  Park, 
North Carol ina 27709 
919-549-8311 Ext.  368 



RTI /TU-2 
January  1970 

P R O B L E M  S T A T E M E N T  

"Resp i ra to ry  R a t e  ~ e a s u r e m e n t "  

What i s  Needed 

A s imple ,  unencumbering method of measur ing r e s p i r a t o r y  rates i n  
c h i l d r e n  i s  needed. 

Background 

R e s p i r a t o r y  d i s e a s e s  a r e  t h e  major  c a u s e  of i l l n e s s  i n  c h i l d r e n  from 
i n f a n c y  through ado lescence .  Some of t h e  more s e r i o u s  t y p e s  of r e s p i r a t o r y  
d i s e a s e s  i n c l u d e  asthma, c y s t i c  f i b r o s i s ,  and b r o n c h i t i s .  Much r e s e a r c h  
i s  p r e s e n t l y  b e i n g  conducted b o t h  i n  t h e  c a u s e s  and c u r e s  of r e s p i r a t o r y  
d i s e a s e s  a s  w e l l  a s  b e t t e r  methods of d i a g n o s i s  of t h e  d i s e a s e s .  Th i s  
problem s t a t e m e n t  i s  devoted t o  a  method of  improved d i a g n o s i s  which w i l l ,  
i n  t u r n ,  improve t h e  t r ea tment  of r e s p i r a t o r y  d i s e a s e s .  

One v a l u a b l e  index  f o r  lung d i s e a s e  i s  t h e  q u i e t  a c t i v i t y  r e s p i r a t o r y  
r a t e  which must b e  moni tored f o r  c h i l d r e n  i n  a normal ly  q u i e t  p l a y  per iod .  
I f  t h i s  r a t e  is  s t u d i e d  f o r  t h e  same p a t i e n t  o v e r  a p e r i o d  of months,  much 
i n f o r m a t i o n  can b e  gained about  t h e  c o n d i t i o n  and changes i n  c o n d i t i o n  of 
t h e  p a t i e n t ' s  l u n g .  The r e a s o n  t h a t  r a t e  i s  impor tan t  i s  because  i t  i s  
r e l a t e d  t o  lung compliance o r  s t i f f n e s s .  For  example, i f  d i s e a s e  s t i f f e n s  
t h e  l u n g s ,  t h e  body w i l l  a d j u s t  t o  t h e  d i s e a s e  by b r e a t h i n g  more s h a l l o w l y  
and more r a p i d l y .  I n  t h e  c a s e  of as thma,  which r e s t r i c t s  t h e  a i r  f low,  t h e  
p a t i e n t  w i l l  b r e a t h e  more deeply  and s lower .  Thus, r e s p i r a t o r y  r a t e  i s  an 
impor tan t  parameter  i n  d i a g n o s i s  of lung  d i s e a s e .  

Requirements and S p e c i f i c a t i o n s  

The p a t i e n t s  w i l l  range i n  age from i n f a n c y  t o  ado lescence ,  and t h e  
moni to r ing  w i l l  occur  i n  a  h o s p i t a l  c l i n i c .  The r a t e  measurement method 
shou ld  n o t  encumber t h e  c h i l d ,  and must a l l o w  q u i e t  p l a y  t o  occur .  It i s  
a n t i c i p a t e d  t h a t  t h e  d a t a  w i l l  b e  t r a n s m i t t e d  t o  s i g n a l  p r o c e s s i n g  equipment 
by a  s m a l l  u n i t  on t h e  c h i l d ,  b u t  t h e  t e l e m e t r y  a s p e c t  of t h e  problem w i l l  
be  cons idered  i n  a subsequent  problem s t a t e m e n t .  

The range o f  r a t e s  w i l l  b e  from 12 t o  80 b r e a t h s  p e r  minute  and a  pre- 
c i s i o n  and accuracy of 0 - 1  b r e a t h s  p e r  minute  i s  r e q u i r e d .  

For F u r t h e r  In format ion ,  Contact  

F .  Thomas Wooten, Ph,D, 
Research T r i a n g l e  I n s t i t u t e  
1 .  0 ,  Box 12194 
Research T r i a n g l e  Park ,  
North C a r o l i n a  27709 
919-549-8313. Ext. 368 



RTI/TU-3 
January 1970 

P R O B L E M  S T A T E M E N T  

11 Lung Sound ~ e t e c t i o n "  

What i s  Needed 

A method is  requi red  f o r  d e t e c t i n g  brea th ing  sounds on the  ches t  su r f ace  
and d i sp l ay ing  these  sounds g raph ica l ly .  

Background 

The major cause of i l l n e s s  i n  c h i l d r e n  from infancy through adolescence 
is  r e s p i r a t o r y  d i seases  of which t h e  more s e r i o u s  forms inc lude  asthma, c y s t i c  
f i b r o s i s ,  and b r o n c h i t i s .  S i g n i f i c a n t  research  i s  being conducted both i n  t he  
causes and cu res  of r e s p i r a t o r y  d i seases  a s  w e l l  a s  b e t t e r  methods of diag- 
n o s i s  of t h e  d i seases .  This problem is  devoted toward a method of improved 
d iagnos is  which w i l l ,  i n  t u r n ,  improve the  t reatment  of r e s p i r a t o r y  d i seases .  

The r e s p i r a t o r y  system c o n s i s t s  of t h e  lungs and t h e  system of tubes o r  
duc t s  which feed  a i r  i n t o  t h e  lungs. A i r  proceeds from the  nose and mouth 
through t h e  t rachea  which i s  the  c e n t r a l  a i r  duct .  From t h i s  c e n t r a l  tube,  
two branches d iverge  t h a t  eventua l ly  feed  a i r  i n t o  t he  two lungs.  These two 
branches,  c a l l e d  the  r i g h t  and l e f t  bronchus, eventua l ly  subdivide s t i l l  
f u r t h e r  i n t o  smal le r  tubes ca l l ed  bronchia l  tubes.  Each bronchia l  tube feeds  
a i r  i n t o  and out  of a s e c t i o n  of t he  lung, and each tube has  a symmetrical 
counterpar t  i n  t he  o the r  lung. 

One u s e f u l  and simple method t o  determine i f  a po r t ion  of t h e  lung is  
performing proper ly  i s  t o  l i s t e n  t o  t he  sounds made by a i r  flow. Usual ly,  
t h i s  is done wi th  a s te thoscope ,  b u t  only one s e c t i o n  of t he  lung can be  heard 
a t  a t ime. To compare s e c t i o n s  of the  lung,  i t  would be u s e f u l  t o  compare the  
sounds generated by a s e c t i o n  of t h e  lung with the  sounds generated by the  
symmetrical counterpar t  i n  t h e  o the r  lung. 

The b a s i c  problem is t o  d e t e c t  the  sounds from two s e c t i o n s  of t he  ches t  
wa l l  by microphones and d i sp l ay  t h e  sounds g raph ica l ly  e i t h e r  on a s t r i p  c h a r t  
o r  on an osc i l l o scope .  Comparison w i l l  be  made on the amplitude, frequency, 
and time i n t e r v a l  between appearance of t he  two sounds. 

The f requencies  of i n t e r e s t  w i l l  be 50-15,000 h e r t z .  Breathing r a t e s  
normally w i l l  b e  25 breaths/minute although a range of 1 2  t o  80 may occur. 
The amplitude of t h e  sounds of i n t e r e s t  i s  not  known. Measurements w i l l  be  made 
on ch i ld ren  from infancy t o  adolescence i n  a h o s p i t a l  c l i n i c .  

P. Thomas Wooten, Ph.D, 
- 
Kesearch Tr iangle  I n s t i t u t e  
P. 0 .  Box 12194 
Research Tr iangle  Park, 
North Carol ina 27709 
919-549-8311 E x t .  368 



RTI I TU-5 
February 1 9  70 

P R O B L E M  S T A T E M E N T  

"Measurement of Change i n  Hear t  Wall Dimensions'' 

What i s  Needed 

A method i s  r e q u i r e d  f o r  measur ing t h e  change i n  d i l a t i o n  o f  a  s m a l l  
s e c t i o n  of h e a r t  w a l l  d u r i n g  a  complete pumping c y c l e .  

Hear t  d i s e a s e  is t h e  focus  o f  a  major r e s e a r c h  e f f o r t  i n  t h i s  coun t ry  and 
r e c e n t  d r a m a t i c  advances have been made i n  t h i s  e f f o r t  u s i n g  t h e  a r t i f i c i a l  
h e a r t ,  One f u n c t i o n  o f  t h e  a r t i f i c i a l  h e a r t  is  t o  p rov ide  p a r t i a l  a s s i s t a n c e  
t o  a f a i l i n g  h e a r t ,  b u t  d u r i n g  t h e  p e r i o d  o f  a s s i s t a n c e  some measure o f  t h e  
o u t p u t  of t h e  human h e a r t  i s  r e q u i r e d .  Th is  measurement i s  n e c e s s a r y  i n  
o r d e r  t o  determine t h e  o u t p u t  of work r e q u i r e d  from t h e  a r t i f i c i a l  h e a r t .  

The u s u a l  method o f  de te rmin ing  t h e  o u t p u t  o f  t h e  human h e a r t  i s  t o  
measure t h e  volume of t h e  l e f t  v e n t r i c l e ,  t h e  chamber o f  t h e  h e a r t  t h a t  pumps 
blood t o  t h e  body a f t e r  t h e  blood has  r e t u r n e d  from t h e  l u n g s .  The l e f t  
v e n t r i c u l a r  volume can be measured by two t e c h n i q u e s  c a l l e d  dye i n d i c a t o r ,  
and b i p l a n e r  angiography,  b u t  n e i t h e r  method produces  an i n s t a n t a n e o u s  
o u t p u t .  An i n s t a n t a n e o u s  measurement i s  n e c e s s a r y  s o  t h a t  r a p i d  changes can 
be made i n  t h e  a r t i f i c i a l  h e a r t  ouput .  

Recent ly  a  new t e c h n i q u e  Eor measur ing l e f t  v e n t r i c u l a r  volume h a s  
been developed which does a l low t h e  d e s i r e d  i n s t a n t a n e o u s  measurement. Th i s  
method i n v o l v e s  measur ing t h e  s t r e t c h  o r  d i l a t i o n  o f  a  s m a l l  s e c t i o n  o f  t h e  
h e a r t  w a l l  and t h i s  s t r e t c h  o r  d i l a t i o n  can be  c o r r e l a t e d  w i t h  l e f t  v e n t r i c u l a r  
volume which,  i n  t u r n ,  can de te rmine  t h e  work r e q u i r e d  f o r  a  c a r d i a c  a s s i s t  
dev ice .  

The measurement o f  s t r e t c h  o r  d i l a t i o n  o f  a  s e c t i o n  o f  t h e  h e a r t  w a l l  i s  
r e l a t i v e l y  s imple  when t h e  c h e s t  h a s  been opened by s u r g e r y ,  Then, a  mercury 
s t r a i n  gauge can be a t t a c h e d  t o  t h e  h e a r t  w a l l  t o  measure t h e  changes i n  
dimension.  However, t h i s  s t r a i n  gauge method h a s  t h e  s e v e r e  l i m i t a t i o n  
t h a t  t h e  c h e s t  w a l l  must be opened. A more d e s i r a b l e  t echn ique  would be t o  
measure t h e  changes i n  dimension o f  a  s m a l l  s e c t i o n  of t h e  h e a r t  w a l l  
wi thou t  opening t h e  c h e s t  w a l l .  It would be p o s s i b l e  t o  i n s e r t  a  
c a t h e t e r  i n t o  t h e  h e a r t  and a t t a c h  some measurement d e v i c e  t o  t h e  t i p  of t h e  
c a t h e t e r ,  

Two approaches t o  t h i s  problem a r e  p o s s i b l e .  The f i r s t  approach i s  t o  
have a d i r e c t  a t t achment  t o  t h e  h e a r t  w a l l  a t  t h e  end o f  t h e  c a t h e t e r .  For 
example, a p a i r  of hooks could p r o j e c t  from t h e  c a t h e t e r  i n t o  t h e  hea.rt w a l l  



and the  change i n  d i s t a n c e  between these  hooks could be measured by a 
s t r a i n  gauge. The second approach would be an i n d i r e c t  method of dimension 
measurement by u l t r a s o n i c  techniques,  'For example, an u l t r a s o n i c  doppler 
t i p  c a t h e t e r  placed aga ins t  t h e  h e a r t  wa l l  may provide t h e  d e s i r e d  
infromation.  

Requirements and S 

The d i s t a n c e  covered by the  measurement must be l e s s  than 20 mi l l ime te r s .  
A 25-50 percent  change i n  dimension i s  expected and t h e  accuracy of measurement 
must be b e t t e r  than 5 percent .  The accuracy of i n t e r e s t  is t h e  r e l a t i v e  change 
and no t  t h e  absolu te  change i n  dimension. 

For Further  Information,  Contact 

F. Thomas Wooten, Ph.D. 
Research Tr iangle  I n s t i t u t e  
P .  0 .  Box 12194 
Research Tr iangle  Park, 
North Carol ina 27709 
919-549-8311 Ext.  368 



RTIITU-6 
March 1970 

P R O B L E M  S T A T E M E N T  

What i s  Needed 

An o n - l i n e ,  r e a l  t i m e  t r a n s d u c e r  f o r  moni to r ing  blood gases  (0 29 CO2, pH) 
i n  p a t i e n t s  d u r i n g  t h e  c r i t i c a l  phase  fo l lowing  s u r g e r y  i s  needed.  

Background 

Surgery  i s  a common e v e n t  i n  modern medicine  b u t  i t  s t i l l  c a u s e s  
s i g n i f i c a n t  danger  t o  t h e  p a t i e n t ,  To reduce  t h i s  danger ,  most h o s p i t a l s  
c a r e f u l l y  moni tor  a  p a t i e n t ' s  c o n d i t i o n  i n  t h e  most c r i t i c a l  pe r iod  immediately 
f o l l o w i n g  s u r g e r y .  Three o f  t h e  many measurements o f  v a l u e  d u r i n g  t h i s  
p e r i o d  a r e  pCO ( p a r t i a l  p r e s s u r e  o f  carbon d i o x i d e ) ,  p02 ( p a r t i a l  p r e s s u r e  
o f  oxygen),  an2 pH ( a c i d l b a s e  r e l a t i o n s h i p )  o f  t h e  b lood .  

Analyses  o f  b lood gases  and pH p r o v i d e  i n s i g h t  i n t o  t h e  way t h a t  
t h e  body i s  u t i l i z i n g  t h e  a v a i l a b l e  oxygen and d i s c h a r g i n g  t h e  was te  carbon 
d i o x i d e .  Th is  u t i l i z a t i o n  i n c l u d e s  n o t  o n l y  l u n g  f u n c t i o n  bu t  a l s o  t i s s u e  
f u n c t i o n .  These measurements can t e l l  t h e  p h y s i c i a n  many t h i n g s  i n c l u d i n g  
o n s e t  o f  shock. I n  a d d i t i o n ,  t h e  measurements can assist i n  a s s e s s i n g  
t h e  p a t i e n t ' s  g e n e r a l  p r o g r e s s .  

E x i s t i n g  methods f o r  b lood a n a l y s i s  c o n s i s t  p r i m a r i l y  o f  sampl ing 
t e c h n i q u e s  i n  which blood samples are withdrawn s e q u e n t i a l l y  and t e s t e d .  
An o n - l i n e ,  r e a l  t i m e  method would p r o v i d e  n o t  o n l y  more i n f o r m a t i o n  b u t  
would reduce t h e  e f f o r t  r e q u i r e d  o f  t h e  n u r s i n g  s t a f f  and would f r e e  them f o r  
o t h e r  a c t i v i t i e s .  

Requirements and Z ~ e _ c i £ i c a t i o _ n s  

The t r a n s d u c e r  should  a l l o w  cont inuous  moni to r ing  o f  t h e  blood gases  
(02 and C02) and blood pH. I f  a  probe i s  i n s e r t e d  i n t o  t h e  blood v e s s e l ,  
t h e  d iamete r  shou ld  be less t h a n  2  m i l l i m e t e r s  i n  d i a m e t e r ,  and p r e f e r a b l y  
l e s s  t h a n  one m i l l i m e t e r .  The range  o f  v a l u e s  i s  given i n  t h e  fo l lowing  t a b l e .  

Value Normal Extreme Range 

A r t e r i a l  Venous 



For F u r t h e r  I n f o r m a t i p ,  Co%a$_t__ 

P. Thomas Wooten, Ph,D. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  Park ,  
North  C a r o l i n a  27709 
919-549-8311 E x t .  368 



NCSU-8 
October  1969 

P R O B L E M  S T A T E M E N T  

"Technique t o  Determine C a p i l l a r y  F r a g i l i t y "  

What i s  Needed 

When s u f f i c i e n t  mechanical  s t r e s s e s  a r e  a p p l i e d  t o  c a p i l l a r i e s ,  t h e  
w a l l s  r u p t u r e  and t h e  r e d  blood c e l l s  are r e l e a s e d  i n t o  t h e  su r rounding  t i s s u e s ,  
A r e p r o d u c i b l e  measurement t echn ique  i s  needed f o r  de te rmin ing  t h e  t h r e s h o l d  
s t r e s s  f o r  t h i s  p r o c e s s  and the reby  p r o v i d i n g  a q u a n t i f i a b l e  measure o f  t h e  
c a p i l l a r y  f r a g i l i t y  . 
Background - 

The c a p i l l a r i e s  a r e  t h e  s m a l l e s t  b lood v e s s e l s  i n  t h e  body, w i t h  d iamete r s  
i n  t h e  range 10-20 microns .  The i r  w a l l s  are normal ly  impermeable t o  t h e  r e d  
blood c e l l s  (d iamete r  about  8 microns) b u t  under mechanical  stress t h e  w a l l s  
can r u p t u r e  and r e l e a s e  t h e  r e d  blood c e l l s  i n t o  t h e  su r rounding  t i s s u e ;  t h e  
r e s u l t i n g  minute rounded s p o t  of hemorrhange on t h e  s k i n ' s  s u r f a c e  i s  c a l l e d  
a p e t e c h i a .  P e t e c h i a e  may be  seen  by t h e  unaided eye  o r  w i t h  t h e  a i d  o f  a 
l o w p w e r  m a g n i f i e r .  The c o l o r f u l  e f f e c t s  i n  b r u i s e s  d e r i v e  t h e i r  c o l o r  from 
t h e  breakdown o f  r e d  blood c e l l s  d u r i n g  t h e  body 's  n a t u r a l  c leanup and 
r e s t o r a t i o n  p r o c e s s  fo l lowing  t h e  c a p i l l a r y  r u p t u r e  which o c c u r r e d  d u r i n g  
t h e  blow which caused t h e  b r u i s e .  The f r a g i l i t y  o f  c a p i l l a r i e s  v a r i e s  w i t h  
c e r t a i n  d i e t  f a c t o r s  and w i t h  t empera tu re ,  and t h e  f r a g i l i t y  is  markedly 
i n c r e a s e d i n  c e r t a i n  d i s e a s e s  such  as s c u r v y ,  leukemia,  and hemorrhagic f e v e r .  
There i s  a l s o  some evidence of a c o r r e l a t i o n  between c a p i l l a r y  f r a g i l i t y  
and d i a b e t e s .  

A r e l i a b l e  and s t a n d a r d i z a b l e  method of  c a p i l l a r y  f r a g i l i t y  measurement 
would be ve ry  u s e f u l  i n  exper imenta l  s t u d i e s  o f  hemorrhagic d i s o r d e r s  a s  w e l l  
a s  f o r  a c l i n i c a l  approach t o  t h e p l e s t i o n  o f  whether  a v a s c u l a r  abnormal i ty  
i s  p r e s e n t .  Although c o n s i d e r a b l e  work h a s  been done on t h i s ,  t h e r e  has  
been l i t t l e  p r a c t i c a l  a p p l i c a t i o n  t o  d a t e  because  o f  t h e  l a c k  o f  s t a n d a r d i z a -  
t i o n  o f  t h e  t e s t s  and t h e  l a c k  of agreement about t h e i r  outcome, 

1 

'A g e n e r a l  review of t h e  s u b j e c t  is  "The Determinat ion o f  Eva lua t ion  o f  
C a p i l l a r y  Resistance--A Review of P le thodology ,~  J. Dramar, Blood 2 0 ,  83-93 
(1962).  



Avai lab le  methods f a l l  i n t o  two genera l  c a t e g o r i e s :  t h e  p o s i t i v e  p re s su re  
method i n  which t h e  veinous blood r e t u r n  of  t h e  arm is dammed with a  cuf f  o r  
e l a s t i c  band i n  o r d e r  t o  i nc rease  t h e  i n t r a c a p i l l a r y  p r e s s u r e ;  and the  nega t ive  
p re s su re  method i n  which a s u c t i o n  i s  app l i ed  t o  t h e  s k l n  t o  c r e a t e  n e g a t i v e  
p re s su re  which i s  t r ansmi t t ed  t o  t h e  c a p i l l a r i e s .  E i t h e r  a  s tandard  p re s su re  
p r o f i l e  vs. t i m e  i s  used and t h e  number of pe t ech i ae  appearing by a  given 
t i m e  a r e  counted, o r  t h e  p re s su re  r equ i r ed  f o r f i r s t  appearance of pe tech iae  
i s  noted ,  o r  some combination of t he se  i s  employed. 

The r e sea rche r  i n  t h e  p re sen t  problem i s  i n t e r e s t e d  i n  p o s s i b l e  
c o r r e l a t i o n  between e a s e  of product ion of b r u i s e s  i n  p o u l t r y  and t h e  presence 
of c e r t a i n  mold t o x i n s  i n  t h e  pou l t ry  d i e t .  A r e l i a b l e  c a p i l l a r y  f r a g i l i t y  
measurement technique w i l l  a i d  t h i s  i n v e s t i g a t i o n  and w i l l  a l s o  have important 
a p p l i c a t i o n  i n  human medicine a s  i n d i c a t e d  above. A t  p r e s e n t ,  t h e  b r u i s i n g  
i s  produced by a  spr ing-loaded hammer arrangement i n  which t h e  fo rce  of  t h e  
blow is v a r i a b l e ;  t h e r e  i s  no s imple way t o  a s s i g n  a  number s c a l e  t o  t h i s  
method, and t h e  observa t ion  becomes e i t h e r  "bruise"  o r  "no b ru i se"  f o r  any 
s e t t i n g  of t h e  appara tus .  

Requirements and S p e c i f i c a t i o n s  - 

For human medicine,  a  c a p i l l a r y  f r a g i l i t y  measurement technique should 
be reproducib le ,  s imple t o  perform, and should involve  a  minimum of discomfort 
t o  t h e  p a t i e n t .  I n  t h e  immediate ca se  of  p o u l t r y , . t h e  comfort requirement 
can be re laxed  bu t  t h e  phys i ca l  requirements  a r e  d i f f e r e n t  (an arm cuf f  is 
c l e a r l y  i napp rop r i a t e ) .  The chicken wing web, a  t h i n  s k i n  a t  t h e  l ead ing  
edge of thewing, may be  t r ans i l l umina t ed  i f  d e s i r e d ,  b u t  i t  w i l l  n o t  be  
p r a c t i c a l  t o  t r y  t o  ho ld  a  l i v e  chicken f o r  microscope observa t ion  of 
a  wing. 

The b a s i c  technique w i l l  probably c o n s i s t  of  a p p l i c a t i o n  of some fo rce  
i n c r e a s i n g  w i t h  t i m e  and n o t i n g  t h e  t i m e  a t  which the  c a p i l l a r y  wa l l s  f i r s t  
r up tu re ;  d e t e c t i o n  of t h i s  event is  t h e  main problem. 

For Fur ther  Information,  Contact 

George S. Hayne, Ph.D. 
Research Tr iangle  I n s t i t u t e  
P. 0.  Box 12194 
Research Tr i ang le  Park,  
North Caro l ina  27709 
919-549-8311 Ext.  531 



RTI/NCSU-9 
October 1969 

P R O B L E M  S T A T E M E N T  

"Analysis Techniques f o r  Phys io logica l  Data" 

What is Needed 

The researchers  a r e  examining t h e  b a s i c  mathematical theory f o r  t h e  
a n a l y s i s  of electroencephalograms o r  of r e l a t e d  phys io logica l  d a t a .  They 
need t o  know of r ecen t  developments i n  t he  theory of n e a r l y  pe r iod ic ,  nea r ly  
s t a t i o n a r y  s t o c h a s t i c  processes ,  

Background 

An electroencephalogram (EEG) i s  simply a t ime-recording a t  t h e  head 's  
s u r f a c e ,  of e l e c t r i c a l  s i g n a l s  generated by t h e  b r a i n .  A t  p r e sen t ,  t h i s  record 
can be c o r r e l a t e d  wi th  c e r t a i n  o v e r a l l  phys i ca l  s t a t e s  such a s  s l e e p ,  bu t  i t  is  
p o s s i b l e  t h a t  refinement of t he  mathematical a n a l y s i s  of t h e  EEG would l e a d  t o  
i t s  use  i n  the  f u t u r e  f o r  diagnosis  of s p e c i f i c  and l o c a l  b r a i n  d i so rde r s  such 
a s  smal l  rumors. 

There e x i s t s  a c e r t a i n  mount  of e l e c t r i c a l  n o i s e  i n  the  record ing  
process ,  and the  EEG i t s e l f  would be c h a r a c t e r i z a b l e  a s  b a s i c a l l y  s t o c h a s t i c .  
However, two c h a r a c t e r i s t i c  rhythms have been i d e n t i f i e d ,  the  a lpha  and t h e  
be t a .  The alpha a c t i v i t y  has  a frequency of 8-13 Hz, r e l a t i v e l y  high amplitude, 
and i s  pr imar i ly  a s soc i a t ed  wi th  t h e  r e s t i n g  condi t ion .  The b e t a  rhythm, 
frequency 18-30 Hz, has  lower amplitude and corresponds t o  an a l e r t  s t a t e .  Nei ther  
t h e  a lpha  nor  t he  b e t a  rhythms a r e  completely pe r iod ic  nor  a r e  t hese  s t a t i o n a r y  
processes ,  but  the  assumptions of s t a t i o n a r i t y  and p e r i o d i c i t y  have been made 
i n  v i r t u a l l y  a l l  EEG ana lyses  t o  da t e .  

These assumptions and t h e i r  consequences a r e  the main concern of the  
r e sea rche r s  i n  t he  p re sen t  problem. It may be poss ib l e  t h a t  a d i f f e r e n t  
mathematical model and d i f f e r e n t  fundamental assumptions a r e  more appropr ia te  
f o r  EEG ana lys i s  and t h a t  under a d i f f e r e n t  model t h e  amount of u se fu l  
information derived from EEG a n a l y s i s  could be considerably increased .  

and Spec i f i ca t ions  
__I- -_PC- 

The researchers  need t o  know of any developments i n  t he  general  theory 
of s t o c h a s t i c  processes  and p a r t i c u l a r l y  those developments r e l a t e d  t o  non- 
pe r iod ic ,  nons ta t ionary  processes .  They a r e  not i n t e r e s t e d  i n  s p e c i f i c  computer 
programs now a v a i l a b l e  t o  ca r ry  ou t  a n a l y s i s  by auto-  o r  c ros s -co r re l a t ion  
techniques o r  Fourier  t ransform techniques;  i t  is  the, basic  theory i t s e l f  
which holds t h e i r  i n t e r e s t .  
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RTI/NCSU--10 
October  1969 

P R O B L E M  S T A T E M E N T  

"Undersea Telemetry" 

What i s  Needed 

A means i s  needed f o r  t e l e m e t r y  o f  p h y s i o l o g i c a l  d a t a  from a  f r e e -  
swimming s e a l  i n  t h e  ocean.  

Background 

The r e s e a r c h e r  i s  conduc t ing  a  r e s e a r c h  program i n  t h e  fundamental  
mechanisms of  gas t r a n s p o r t  i n  mammalian blood and t i s s u e s .  An impor tan t  
p r a c t i c a l  a p p l i c a t i o n  o f  t h i s  i n f o r m a t i o n  i s  i n  t h e  area of  gas  m i x t u r e s  
and s c i e n t i f i c a l l y  determined decompression t a b l e s  f o r  deep d i v i n g  by humans. 
Deep-diving mammals such a s  p o r p o i s e s ,  seals, and whales  have a physiology 
remarkably s u i t e d  f o r  d i v i n g ,  and t h e  u n d e r s t a n d i n g  o f  t h e  gas  p r o c e s s e s  
d u r i n g  t h e  d i v e  o f  t h e s e  animals  w i l l  c o n t r i b u t e  g r e a t l y  t o  t h e  s o l u t i o n  o f  
human d i v i n g  problems. 

Some exper iments  performed w i t h  an imals  s u g g e s t  t h a t  p h y s i o l o g i c a l  
measurements c a r r i e d  o u r  on t e t h e r e d  animals  y i e l d  r e s u l t s  s i g n i f i c a n t l y  
d i f f e r e n t  from s i m i l a r  measurements t e l e m e t e r e d  from f r e e  an imals .  If 
r a i s e d  i n  p resence  of humans o n l y ,  a  s e a l  w i l l  swim and d i v e  i n  t h e  ocean 
normal ly  b u t  w i l l  d i s r e g a r d  t h e  p resence  o f  o t h e r  s e a l s  and r e t u r n  t o  t h e  
humans when f i n i s h e d  swimming. Such an  animal  o f f e r s  t h e  p r o s p e c t  of 
o b t a i n i n g  v a l u a b l e  p h y s i o l o g i c a l  d a t a  on t h e  d i v i n g  p r o c e s s ,  and t h e  p r e s e n t  
problem i s  t o  f i n d  o r  develop a p p r o p r i a t e  undersea  t e l e m e t r y  equipment. 

Requirements and Spec i f i ca t ionsS .  

A s e a l  weighs around 90 pounds and h a s  a  h i g h l y  e f f i c i e n t  shape f o r  
motion i n  t h e  w a t e r ;  an a p p r o p r i a t e  t e l e m e t r y  s i g n a l  c o n d i t i o n i n g  and 
t r a n s m i t t e r  package shou ld  be  l i g h t  i n  weight and have p h y s i c a l  dimensions 
a s  s m a l l  a s  p o s s i b l e  i n  o r d e r  t o  minimize t h e  d i s t u r b a n c e  o f  t h e  s e a l ' s  
n a t u r a l  swimming. A t  l e a s t  f o u r  channe l s  should  be  a v a i l a b l e  f o r  d a t a  
t r a n s m i s s i o n .  The minimum range  shou ld  be  s e v e r a l  hundred f e e t  bu t  t r a n s m i s s i o n  
d i s t a n c e s  o f  up t o  a  m i l e  would be  more d e s i r a b l e .  The u n i t  must be c a p a b l e  o f  
o p e r a t i n g  under s e a  w a t e r  a t  dep ths  o f  s e v e r a l  hundred f e e t .  In format ion  
t o  be t r a n s m i t t e d  i n c l u d e s  h e a r t  r a t e ,  t empera tu re ,  dep th  benea th  t h e  water, 
and oxygen t e n s i o n s  i n  blood o r  t i s s u e  monitored a t  s e v e r a l  p o i n t s  i f  
p o s s i b l e .  Hear t  r a t e  w i l l  be  0-10 Hz. The o t h e r  s i g n a l s  w i l l  exist a s  
v a r y i n g  v o l t a g e  l e v e l s  t o  be  t r a n s m i t t e d  a t  1% accuracy o r  b e t t e r ,  Each o f  
t h e  f u n c t i o n s  t o  be t e l e m e t e r e d  presumably w i l l  have i t s  own plug- in  p r e -  
a m p l i f i e r  which can be des igned t o  d e l i v e r  a s t a n d a r d  s i g n a l  range t o  t h e  
main-frame modulator and t r a n s m i t t e r  u n i t ,  
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RTI/NCSU- 11 
October 1969 

P R O B L E M  S T A T E M E N T  

"Measurement of T i s s u e  Gases I n  Vivo" 

What is  Needed 

A measurement t echn ique  i s  needed f o r  measurement of gas  t e n s i o n s  i n  
l i v e  exper imenta l  an imals .  

Background 

The r e s e a r c h e r  is  conduc t ing  a  r e s e a r c h  program i n  t h e  fundamental  
mechanisms of gas t r a n s p o r t  i n  mammalian blood and t i s s u e s .  The f o l l o w i n g  
i s  a  l i s t  of some of  t h e  d i f f e r e n t  r e s e a r c h  a r e a s  w i t h i n  t h i s  program: 

(1) Oxygen metabolism and k i n e t i c s  i n  t i s s u e - - e x p e r i m e n t a l  
measurements by p o l a r o g r a p h i c  t echn iques  o f  oxygen r e s p i r a t i o n  r a t e s  i n  
t i s s u e  s l i c e s  of v a r y i n g  t h i c k n e s s e s ,  i n v e s t i g a t i o n s  of t h e o r e t i c a l  models 
f o r  oxygen t r a n s p o r t  by enzyme k i n e t i c s ,  p a s s i v e  d i f f u s i o n ,  o r  c a r r i e r  
mechanisms. 

( 2 )  Oxygen t r a n s f e r  i n  blood and d e t a i l e d  enzyme c h e m i s t r y  of t h i s  
p rocess - -de te rmina t ion  of t h e  mechanisms c o n t r o l l i n g  v a r i o u s  enzyme l e v e l s  
i n  c e l l s ,  e f f e c t s  of a i r  p o l l u t a n t s  on t h e  enzyme p r o c e s s e s  i n  r a t ' s  b lood.  

( 3 )  I n e r t  gas  t r a n s p o r t  i n  t i s s u e - - i n v e s t i g a t i o n  of p a s s i v e  d i f f u s i o n  
p rocesses  by t r a c e r  chemis t ry  t echn iques  u s i n g  a  r a d i o a c t i v e  k ryp ton  i s o t o p e .  

(4) Research on deep d i v i n g  by humans--effects of d i f f e r e n t  gas  
mix tures  on human metabolism, d e t a i l s  of decompression p r o c e s s e s  upon r e s u r f a c i n g .  

The above l i s t  i s  n o t  complete and i s  g iven  a s  a n  i l l u s t r a t i o n  of t h e  importance 
and impact of t h e  r e s e a r c h  program. 

The r e s e a r c h e r  would l i k e  t o  measure gas  t e n s i o n s  ( p a r t i a l  p r e s s u r e s )  i n  
t i s s u e  i n  l i v i n g  exper imenta l  an imals .  I f  a t  a l l  p o s s i b l e ,  he wishes  t o  
determine gas c o n c e n t r a t i o n  g r a d i e n t s  i n  t h e  t i s s u e  between blood c a p i l l a r i e s .  
Such a n  a b i l i t y  would be extremely impor tan t  and would open up a  wide new 
c l a s s  of exper iments  i n  t h i s  f i e l d .  

The important  gases  a r e  oxygen and ca rbon  d i o x i d e  w i t h  some i n t e r e s t  a l s o  
i n  n i t r o g e n ,  hel ium,  and argon.  A method of weasur ing a l l  of  t h e s e  is  very 
d e s i r a b l e  but t h e  r e s e a r c h e r  w o u l d  be i n t e r e s t e d  i n  any s i n g l e  gas measurement 
t echn ique ,  A p o s s i b l e  c a n d i d a t e  might be a  mass spec t romete r ,  

The major d i f f i c u l t y  w i l l  probably  come from t h e  d e s i r e  t o  measure i n t e r -  
c a p i l l a r y  gas t e n s i o n  g r a d i e n t s ,  The c a p i l l a r y  diameter  is  8 microns 



and t h e  average  d i s t a n c e  between c a p i l l a r i e s  i s  50-100 microns  ; a  g r a d i e n t -  
measur ing t echn ique  cou ld  n o t  have a  s e n s i n g  a r e a  w i t h  much l a r g e r  t h a n  10- 
micron dimensions.  A r e a s o n a b l e  e s t i m a t e  of average  t i s s u e  oxygen t e n s i o n  
i s  25-42 mm Hg, a l t h o u g h  v a l u e s  i n  subcutaneous  t i s s u e  have been observed 
i n  t h e  range  8-62 mm Hg. Carbon d i o x i d e  t e n s i o n  i s  i n  t h e  range of 31-58 mrn Hg. 
While i t  i s  e v e n t u a l l y  hoped p o s s i b l e  t o  b u i l d  a  m i n i a t u r e  t i s s u e  gas t e n s i o n  
measur ing system f o r  t e l e m e t r y  w i t h  f ree-roaming e x p e r i m e n t a l  an imals ,  a  f i r s t  
sys tem f o r  such measurements c a n  be v i r t u a l l y  any s i z e  a p a r t  from t h e  i n t e r -  
c a p i l l a r y  gas  sampl ing d e v i c e  i t s e l f .  

For  F u r t h e r  In f  o rmat ion ,  Contac t  

George S .  Hayne, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P .  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North Caro l ina  27709 
919-549-8311 Ext .  531 



RTI/CP-1 

February 1970 

P R O B L E M  S T A T E M E N T  

"Data Compression Techniques : Sof tware" 

What is Needed 

The r e s e a r c h e r  wants t o  know about  computa t iona l  techniques  developed 
f o r  d a t a  compress i o n  o r  d a t a  redundancy r e d u c t i o n .  

There a r e  n o t  enough d o c t o r s  now. Even i f  a d e c i s i o n  were made tomorrow 
t o  s h a r p l y  i n c r e a s e  t h e  o u t p u t  of t h e  medical  e d u c a t i o n  system, a b o u t  a  
decade would e l a p s e  b e f o r e  t h e  i n c r e a s e  would appear  i n  t h e  number of 
d o c t o r s  i n  c l i n i c a l  p r a c t i c e .  A p a r t i a l  s o l u t i o n  t o  t h e  problem of h e a l t h  
c a r e  d e l i v e r y  i s  a  more e f f i c i e n t  u t i l i z a t i o n  of t h e  d o c t o r ' s  t ime and t a l e n t s ,  
and h e r e  i s  where computer and e l e c t r o n i c s  technology should make a  l a r g e  
c o n t r i b u t i o n .  For i n s t a n c e ,  a n  a p p r o p r i a t e  h o s p i t a l - t o - h o s p i t a l  d a t a  t r a n s m i s s i o n  
system (us ing  d i g i t a l  computers a t  each h o s p i t a l )  would permit  medica l  s p e c i a l i s t s  
a t  a  l a r g e  medical  r e s e a r c h  c e n t e r  t o  a s s i s t  t h e  more g e n e r a l  s t a f f s  a t  s m a l l e r  
o u t l y i n g  h o s p i t a l s .  The i n f o r m a t i o n  t o  be t r a n s m i t t e d  would i n c l u d e  e l e c t r o -  
ca rd iograph  s i g n a l s  and X-ray images. 

Taking t h e  X-ray a s  a n  example, t h e r e  i s  c l e a r l y  a  l a r g e  degree  of 
redundancy i n  t h e  image. Large connected a r e a s  of t h e  image a r e  one d e n s i t y ,  
and t h e  r e a l  medica l  i n f o r m a t i o n  c o n t e n t  occurs  a t  t h e  reg ions  where t h e  d e n s i t y  
i s  v a r y i n g  ( thus  d e f i n i n g  edges of bones o r  o r g a n s ) .  I n s t e a d  of d i g i t i z i n g  t h e  
image and t r a n s m i t t i n g  d i r e c t l y ,  computer p r o c e s s i n g  of t h e  d i g i t i z e d  image 
may permit  s u b s t a n t i a l  r e d u c t i o n  i n  t h e  redundancy of in fo rmat ion  t o  be t r a n s -  
m i t t e d .  A redundancy r e d u c t i o n ,  o r  d a t a  compression,  by a  f a c t o r  of t e n  o r  more 
may be p o s s i b l e .  This  w i l l  permit  r e d u c t i o n  i n  bandwidth necessa ry  i n  t h e  t r a n s -  
m i t t e r  l i n k ,  hence r e d u c t i o n  i n  c o s t ,  and may make t h e  d i f f e r e n c e  between t h i s  
approach be ing  f e a s i b l e  o r  n o t  f o r  h e a l t h  c a r e  d e l i v e r y .  Also t h e r e  may be 
reasons  t o  wish s t o r a g e  of X-ray images i n  computer memories. Here a g a i n ,  a n  
o r d e r  o f  magnitude d a t a  compression,  l e a d i n g  t o  cor responding  r e d u c t i o n  i n  
computer memory r e q u i r e d ,  can  make t h e  d i f f e r e n c e  between being p o s s i b l e  and 
n o t  be ing  p o s s i b l e .  

The r e s e a r c h e r  is one o f  a  group a t  t h e  Duke U n i v e r s i t y  Community Hea l th  
Sc ience  Department which i s  p lann ing  a l t e r n a t i v e  f u t u r e  h e a l t h  c a r e  systems 
b u i l t  around d a t a  t r a n s m i s s i o n ,  p rocess ing ,  and s t o r a g e  t echn iques .  He wants 
in format ion  about  computer programming techn iques  i n  d a t a  compression f o r  t h i s  
sys tem planning.  Although t h e  numbers o f  b i t s  involved a r e  ve ry  d i f f e r e n t ,  he 
i s  i n t e r e s t e d  i n  both  ECG s i g n a l s  and X-ray images. 

The u l t i m a t e  use w i l l  be s u f f i c i e n t l y  s p e c i a l i z e d  i n  terms of t h e  computer 
and i t s  hardware i n t e r f a c e s  t h a t  t h e  r e s e a r c h e r  and h i s  c o l l e a g u e s  w i l l  have 
t o  w r i t e  complete ly  new programs f o r  t h i s  t a s k .  They a r e  w e l l  c a p a b l e  of do ing  



s o ,  However, c o n s i d e r a b l e  s a v i n g  of t ime w i l l  occur  i f  t h e y  can be provided 
w i t h  good program documentation from computer programs performing d a t a  com- 
p r e s s i o n .  Such documentation should i n c l u d e  g e n e r a l  d i s c u s s i o n  and a p p r o p r i a t e  
f low c h a r t s  a s  w e l l  a s  t h e  a c t u a l  program s o u r c e  l i s t i n g  i t s e l f .  

Refe rences  

1. L. W.  Gardenhire ,  "Data Redundancy Reduct ion f o r  Biomedical 
Telemetry ,"  i n  , C.  H. Caceres ,  ed . ,  
New York: Academic P r e s s ,  1965. 

For  F u r t h e r  In format ion ,  Contac t  

George S .  Hayne, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North C a r o l i n a  27709 
919-549-8311 Ext .  531 



RTI/CP-2 

March 1970 

P R O B L E M  S T A T E M E N T  

"Mathematical  o r  Computer Methods f o r  t h e  De te rmina t ion  
Of M a t e r i a l  P r o p e r t i e s  of Card iac  Muscle" 

What i s  Needed 

(1 )  T h e o r e t i c a l  e l a s t i c i t y  and computer s o f t w a r e  developments which 
u t i l i z e  g e o m e t r i c a l  and e x t e r n a l  f o r c e  d a t a  t o  de te rmine  s t r e s s  and s t r a i n  
d i s t r i b u t i o n s  i n  e l a s t i c  and v i s c o u s  m a t e r i a l s  a r e  needed.  

(2)  M a t e r i a l s  s c i e n c e  s o f t w a r e  which u t i l i z e s  t ime  and s p a t i a l  s t r e s s  
and s t r a i n  d i s t r i b u t i o n s  t o  c h a r a c t e r i z e  v i s c o u s  and nonviscous  m a t e r i a l  
p r o p e r t i e s  i s  needed.  

A problem of  major  concern  t o  t h e  c l i n i c a l  c a r d i o l o g i s t  i s  t o  e v a l u a t e  
t h e  t ime-vary ing  p r o p e r t i e s  of  c a r d i a c  muscle ,  A knowledge of t h e s e  p r o p e r t i e s  
would be  v e r y  b e n e f i c i a l  t o  t h e  c l i n i c i a n  i n  c h a r a c t e r i z i n g  muscular  d i s e a s e s  
by n o t i n g  a b n o r m a l i t i e s  i n  t h e  v a l u e s  of p r o p e r t i e s .  Such a n  i n d i r e c t  de te rmina-  
t i o n  of c a r d i a c  d i s e a s e s  would a l s o  be v a l u a b l e  t o  su rgeons  i n  d e c i d i n g  whe the r  
o r  n o t  t o  under take  c a r d i a c  s u r g e r y .  

C l i n i c a l  c a r d i o l o g i s t s  i n  major  medica l  c e n t e r s  o b t a i n  s i ~ n u l t a n e o u s l y  
v e n t r i c u l a r  p r e s s u r e s  from c a r d i a c  c a t h e t e r i z a t  ions  and chamber dimens i o n s  
from c ineang iocard iograms  . T h i s  d a t a  is  a  major  cons i d e r a t i o n  i n  p e r f  o m i n g  
c a r d i a c  d i a g n o s i s .  However, a  more e x a c t  d i a g n o s i s  cou ld  be performed i f  
t h i s  d a t a  cou ld  be u t i l i z e d  t o  d e t e r m i n e  t h e  m a t e r i a l  p r o p e r t i e s  of  t h e  c a r d i a c  
muscle .  T h i s  r e q u i r e s  t h e  development of adequa te  a n a l y t i c a l  o r  numer ica l  models 
i n  myocard ia l  mechanics.  

The o n l y  -- i n  v i v o  exper imenta l  d a t a  t h a t  c a n  be o b t a i n e d  f o r  d e t e r m i n i n g  
t h e s e  p r o p e r t i e s  a r e  c l o s e d - c h e s t  d e t e r m i n a t i o n s  o f  t h e  v e n t r i c u l a r  d imensions  by 
c ineang iography  and t h e  v e n t r i c u l a r  p r e s s u r e  by c a t h e t e r i z a t i o n .  The i n  v i v o  
d a t a  a r e  c o r r u p t e d  by n o i s e  and a r e  p robab ly  a c c u r a t e  t o  approx imate ly  two 
s i g n i f i c a n t  f i g u r e s .  Thus, proposed methods should  be s t a b l e  and a c c u r a t e  when 
t h e r e  is  c o n s i d e r a b l e  n o i s e  i n  t h e  d a t a .  

Refe rences  

The f o l l o w i n g  t h r e e  r e f e r e n c e s  p r o v i d e  a  good s t a r t i n g  p o i n t  f o r  f u r t h e r  
r e a d i n g  i n  t h i s  problem from t h e  c a r d i o l o g i s t %  v iewpoin t ,  

l .  "Myocardiai Methanies : Tens ion-Velocity-Length Kela t i o n s h i p s  of Heart 
Muscle,'QZd, L. F r y ,  D ,  M ,  Gr iggs ,  and J s  C *  G r e e n f i e l d ,  C i r c u l a t i o n  
Resea rch ,  V o l .  XTV, 73-85, 1964, 



2 .  "Lef t  V e n t r i c u l a r  S t r e s s e s  i n  t h e  I n t a c t  Human H e a r t , "  I ,  Mirsky, 
J o u r n a l ,  Vol. 9 ,  189-208, 1969. 

3 .  "Myocardial Force-Veloci ty  R e l a t i o n s h i p  i n  C l i n i c a l  Hear t  Disease , "  
P .  G. Hugenholtz,  R. C .  E l l i s o n ,  C .  W.  Ursche l ,  I. Mirsky,  and E. H. 
Sonnenbl ick,  C i r c u l a t i o n ,  V o l .  X L I ,  191-202, 1970. 
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RTL/CP-3 
March 1970 

P R O B L E M  S T A T E M E N T  

"Automated Measurement from Coronary Angiograms" 

What i s  Needed 

A method of d i g i t a l  image p r o c e s s i n g  i s  needed f o r  pe r fo rming  a  l a r g e  
number o f  p o s i t i o n  measurements f o r  s p e c i f i e d  p o i n t s  i n  a  s e q u e n t i a l  s e r i e s  
o f  coronary angiograms . 

A techn ique  h a s  been developed t o  de te rmine  myocard ia l  c o n t r a c t i l i t y  
o r  f u n c t i o n a l  c h a r a c t e r  o f  t h e  c a r d i a c  muscle .  Th i s  t e c h n i q u e  shou ld  be 
p a r t i c u l a r l y  u s e f u l  i n  de te rmin ing  t h e  l o c a t i o n  and e x t e n t  o f  l o s s  of 
muscle f u n c t i o n ,  and a s  a  means o f  de te rmin ing  e f f e c t i v e n e s s  o f  s u r g i c a l  
p rocedures  des igned  t o  improve c a r d i a c  f u n c t i o n  by improving t h e  blood supply 
t o  t h e  h e a r t .  The t e c h n i q u e  i s  thus  s u i t a b l e  b o t h  p re -  and p o s t - o p e r a t i v e l y  t o  
determine coronary r e v a s c u l a r i z a t i o n  f o l l o w i n g  t r e a t m e n t .  The most 
a p p r o p r i a t e  s u r g i c a l  procedure  o r  t r e a t m e n t  t o  improve c a r d i a c  blood 
flow, and i n  t u r n  c a r d i a c  f u n c t i o n ,  can be  determined by t h i s  t e c h n i q u e  which 
is  based upon measurements t aken  from s e q u e n t i a l  coronary  angiograms. 

A coronary angiogram i s  a n  X-ray image of t h e  h e a r t  t a k e n  a f t e r  i n j e c t i o n  
o f  a  radiopaque dye i n t o  t h e  coronary a r t e r y ;  t h i s  p rocedure  makes t h e  
coronary a r t e r y  and t h e  a r t e r i a l  b i f u r c a t i o n s  v i s i b l e .  The a n a l y s i s  t echn ique  
above relies on measurements o f  d imensional  changes o f  v a r i o u s  p o r t i o n s  of 
c a r d i a c  muscle d u r i n g  a  c a r d i a c  c y c l e .  These l i n e a r  d imensional  changes can 
be r e l a t e d  d i r e c t l y  t o  c a r d i a c  muscle f u n c t i o n .  The measurement o f  t h e s e  
a r t e r i a l  b i f u r c a t i o n s  recorded  i n  coronary angiograms. Two s e p a r a t e  angiograms 
a r e  needed,  a  f ront-back view and a  s i d e  view, t o  de te rmine  t h e  l o c a t i o n  i n  
three-dimensional  s p a c e  o f  a  s p e c i f i e d  b i f u r c a t i o n .  The d i s t a n c e  between two 
b i f u r c a t i o n s  i s  a  measure o f  t h e  dimension o f  t h e  i n t e r v e n i n g  muscle a t  t h a t  
i n s t a n t  o f  t ime.  

A t  p r e s e n t  t h i s  procedure  i s  implemented manual ly ,  About 20 s p e c i f i c  
b i f u r c a t i o n  p o i n t s  a r e  recorded  on t h e  two X-ray v iews ,  and t h e  p o s i t i o n s  of 
t h e s e  p o i n t s  a r e  t h e n  recorded o v e r  s e v e r a l  complete c a r d i a c  c y c l e s  by angiograms 
exposed every  1 / 6 0  second.  A t  60 f rames p e r  second ,  two p r o j e c t i o n s ,  20 
s p e c i f i e d  b i f u r c a t i o n s  and a  t o t a l  o f  s e v e r a l  seconds  of c ineangiograms,  t h e  
r e q u i r e d  d e t e r m i n a t i o n  o f  p o s i t i o n  changes and t h e i r  t ime c o u r s e  i s  an 
exceed ing ly  d i f f i c u l t  and l e n g t h y  t a s k .  A r e a s o n a b l e  method o f  automat ing 
t h i s  a n a l y s i s  of t h e  angiograrns is c l e a r l y  needed i f  t h i s  t echn ique  o f  
c a r d i a c  f u n c t i o n  a n a l y s i s  is t o  ach ieve  c l i n i c a l  importance.  



The automated reading of t h e  35 mm X-ray f i l m  s t r i p s  should provide rap id  
and accu ra t e  information on t h e  p o s i t i o n  of s p e c i f i e d  a r t e r i a l  b i f u r c a t i o n s .  
Accuracy should be compatible wi th  image r e s o l u t i o n  on t h e  o r d e r  of 500 x 500 
image r e s o l u t i o n  elements.  It would be acceptab le  and probably d e s i r a b l e  
t o  manually i d e n t i f y  (poss ib ly  by a l i g h t  pen o r  s i m i l a r  technique)  on t h e  
f i r s t  f i l m  frame t h e  s p e c i f i c  b i f u r c a t i o n  poin ts  t o  be used, and have t h e  f i l m  
reading  system automat ica l ly  fol low t h e  l o c a t i o n  of t h e s e  p o i n t s  i n  t h e  
subsequent frames. 

This  problem's o r i g i n a t o r s  a l ready  have a Sigma 5 computer and a 
cons iderable  amount of experience i n  i n t e r f a c i n g  and programing the  computer, 
bo th  i n  FORTRAN and SYMBOL. They a l s o  have some of t he  hardware components 
needed f o r  image d i g i t i z a t i o n .  The NASA information sought is  p r imar i ly  i n  
t h e  computer programming a r e a  although hardware d e t a i l s  a r e  a l s o  of i n t e r e s t  
t o  the  researchers .  

One approach would be t o  d i g i t i z e  each e n t i r e  f i l m  frame and apply 
p a t t e r n  recogni t ion  techniques.  This i s  d i f f i c u l t  and probably very 
i n e f f i c i e n t  f o r  t h i s  problem however, because a t  each frame t h e  p o s i t i o n s  of 
t h e  twenty o r  so  des i r ed  po in t s  a r e  a l r eady  f a i r l y  w e l l  known from t h e  a n a l y s i s  
of t h e  preceding frame, What is  needed i s  a method of i d e n t i f y i n g  and l o c a t i n g  
these  p o i n t s  whose neighborhood va lues  a r e  a l ready  known. 

Poss ib ly  some of NASA's work i n  benchmark r ecogn i t i on  o r  i n  f i d u c i a l  
o r  re ference  mark l o c a t i o n  f o r  subsequent image d i s t o r t i o n  co r r ec t ions  may be 
app l i cab le  t o  t h i s  problem. One p o s s i b i l i t y  might be some type  of l o c a l  o r  
neighborhood c o r r e l a t i o n  ana lys i s  technique t o  determine t h e  p o s i t i o n  s h i f t  
of b i f u r c a t i o n  po in t  between t h e  f i l m  frame being analyzed and t h e  immediately 
previous already-analyzed frame. 

For Further  Information,  Contact 

~ e o r ~ e  S. Hayne, Ph,D. 
Research Tr iangle  I n s t i t u t e  
P. 0.  Box 12194 
Research Tr iangle  Park, 
North Carol ina 27709 
919-549-8311 Ext . 531 
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P R O B L E M  S T A T E M E N T  

"Real Time Data A c q u i s i t i o n  During Batch Process ing"  

What is  Needed 

In format ion  i s  needed concern ing  computer programming t o  permit  
asynchronous rea l - t ime  d a t a  a c q u i s i t i o n  d u r i n g  b a t c h  ~ r o c e s s i n g  u s i n g  an 
I B M  1130 Model 2B computer. 

TheIBM 1130 computer i s  used by a  r e s e a r c h  group s t u d y i n g  t h e  p rocess  of  
ag ing .  A number of d i f f e r e n t  measurements i n c l u d i n g  e l e c t r o c a r d i o g r a m s  (ECG) 
and e lec t roencepha lograms  (EEG) a r e  b e i n g  c a r r i e d  o u t  a t  one-year i n t e r v a l s  
on a s e l e c t e d  group of s e v e r a l  hundred o l d e r  people .  When t h i s  l o n g i t u d i n a l  
s t u d y  i s  completed f i v e  o r  more y e a r s  from now, v a l u a b l e  d a t a  on a g i n g  p r o c e s s e s  
and changes w i l l  be t h e  r e s u l t ,  The computer was o b t a i n e d  f o r  a n a l y z i n g  t h e  
EEG and ECG's i n  t h i s  p r o j e c t  bu t  i s  a l s o  h e a v i l y  used f o r  a  number o f  
s t a t i s t i c a l  a n a l y s e s  and o t h e r  computat ions ,  a l l  performed i n  b a t c h  p r o c e s s i n g .  
Theusefu lness  of t h e  computer would be c o n s i d e r a b l y  i n c r e a s e d  i f  i t  cou ld  be 
used f o r  asynchronous r e a l - t i m e  d a t a  c o l l e c t i o n  d u r i n g  b a t c h  p rocess ing  
upon a  s u i t a b l e  i n t e r r u p t  from t h e  e x t e r n a l  d a t a  s o u r c e .  

The computer i s  an LBM 1130 Mode1 2B (8 K words ,  3 .6  microsecond c y c l e  
t i m e ,  b u i l t - i n  d i s k )  w i t h  an I B M  1132 p r i n t e r ,  an  IBM 1442 reader-punch, 
and a  Redcor A-D c o n v e r t e r  and 1130 i n t e r f a c e ,  o p e r a t i n g  w i t h  t h e  IBM 
Disk Monitor System Vers ion 2 ,  The programming t a s k ,  t o  be  done i n  1130 
Assembler language,  w i l l  have t h e  fo l lowing  t i m e  sequence:  

a .  The 1130 i s  o p e r a t i n g  normal ly  on a  ba tch-process ing  job .  

b.  An asynchronous i n t e r r u p t  s i g n a l s  t h a t  d a t a  c o l l e c t i o n  is t o  occur .  

c .  Thecurrent  ba tch  job i s  r o l l e d  o u t  o n t o  t h e  d i s k  and t h e  d a t a  
c o l l e c t i o n  and convers ion  r o u t i n e  i s  r o l l e d  i n  from t h e  d i s k .  Timing 
i s  n o t  c r i t i c a l  i n  t h i s  problem and s e v e r a l  seconds  may b e  t aken  i n  
t h i s  s t e p ,  

d ,  The d a t a  i s  c o l l e c t e d  and s t o r e d  on t h e  d i s k  f o r  l a t e r  b a t c h  p r o c e s s i n g ,  
The d a t a  c o l l e c t i o n  p r o c e s s  l a s t s  o n l y  s e v e r a l  seconds i n  t h i s  
a p p l i c a t i o n ,  

e .  A t  the end o f  d a t a  c o l l e c t i o n ,  t h e  T n i t i a 1  b a t c h  job i s  r e s t o r e d  
and t he  sys tem continues o p e r a t i n g  as in s t e p  a , ,  ( u n t i l  t h e  nex t  
i n t e r r u p t  o c c u r s ,  when t h e  whole c y c l e  w i l l  be  r e p e a t e d )  . 



Information is  des i r ed  which is  r e l a t e d  t o  t h e  experience of o t h e r  1130 
u s e r s  i n  doing s i m i l a r  d a t a  c o l l e c t i o n  upon i n t e r r u p t s ;  t he  i n f ~ r m a t i o n  can 
range from program l i s t i n g s  and documentation through d i scuss ions  wi th  
1130 u s e r s  t o  i d e n t i f y  poss ib l e  problems o r  d i f f i c u l t i e s  which might be encountered. 
I f  t h i s  information can be found, t h e  r e sea rche r s  i n  t h i s  problem w i l l  
be ab l e  t o  do the  necessary  programming i n  a time considerably s h o r t e r  than  
would be t h e  case  without  t h i s  he lp .  

Fo r Fur ther  Inf  o r m m i ~ ,  Contact 

George S. Hayne, Ph.D. 
Research Triangle I n s t i t u t e  
P. 0. Box 12194 
Research Tr iangle  Park, 
North Carol ina 27709 
919-549-8311 Ext . 531 



R T I  / I RM-2 3 
September 1969 

P R O B L E M  S T A T E M E N T  

"A R e s p i r a t i o n  Alarm" 

What is Needed 

A s imple  a l a r m  i s  neededto  warn n u r s e s  i n  t h e  e v e n t  o f  r e s p i r a t o r  
f a i l u r e  . 

The Goldwater Memorial H o s p i t a l  o f  t h e  New York U n i v e r s i t y  Medical 
Cen te r  o p e r a t e s  one o f  t h e  l a r g e s t  r e s p i r a t o r  c e n t e r s  i n  t h e  Uni ted S t a t e s .  
Users of  t h e s e  r e s p i r a t o r s  a r e  permanent ly  d i s a b l e d ,  e , g . ,  s t r o k e  v i c t i m s ,  
p a r a l y s i s  v i c t i m s ,  and o t h e r s  permanent ly  unab le  t o  r e s p i r e  themselves  
a s  a r e s u l t  o f  a c c i d e n t  o r  d i s e a s e .  Th is  means t h a t  t h e  r e s p i r a t o r s  
must be  used on t h e  p a t i e n t s  c o n t i n u o u s l y  and f o r  l o n g  p e r i o d s  o f  t ime .  
The r e s p i r a t o r s  have b a t t e r y - o p e r a t e d  a larms connected t o  t h e i r  mechanisms 
which f u n c t i o n  when t h e  r e s p i r a t o r  becomes d i s a b l e d .  The a la rms  a r e  n o t  
f o o l p r o o f ,  however, because t h e  a l a r m  system i t s e l f  i s  s u b j e c t  t o  f a i l u r e .  
C i r c u i t  f a i l u r e s  can ,  and do,  o c c u r .  I n  a d d i t i o n ,  t h e  b a t t e r i e s  t h a t  
power t h e  a l a r m  system can become d e p l e t e d  wi thou t  t h e  knowledge o f  t h e  
n u r s e ,  and maintenance personne l  must be  r e l i e d  on t o  i n s u r e  t h a t  t h e  
b a t t e r i e s  a r e  always adequate ,  The r e s u l t  i s  t h a t  n u r s e s  do n o t  f u l l y  t r u s t  
t h e  a larm sys tem.  This r e s u l t s  i n  c l o s e r  s u r v e i l l a n c e  by t h e  n u r s e s  and,  
c o r r e s p o n d i n g l y ,  r e q u i r e s  more o f  t h e i r  t i m e .  I n  a d d i t i o n ,  t h e r e  have 
been r e p o r t e d  c a s e s  i n  which p a t i e n t s  have d i e d  when r e s p i r a t o r s  w i t h  
f a u l t y  a larms became i n o p e r a t i v e  b e f o r e  medical  pe rsonne l  had become aware 
o f  t h e  s i t u a t i o n .  As a  r e s u l t ,  a  s e p a r a t e  a larm system i s  d e s i r e d ,  
independent  o f  t h e  r e s p i r a t o r  a la rm,  which can s e n s e  when a p a t i e n t  i s  
n o t  be ing  r e s p i r e d .  It i s  d e s i r e d  t h a t  t h e  a larm be  a t t a c h e d  t o  t h e  p a t i e n t  
and monitor some parameter  t h a t  i s  a  d i r e c t  i n d e x  o f  whether  t h e  p a t i e n t  
i s  b e i n g  r e s p i r e d  o r  n o t ,  Sensing o f  even a  mechanical  p a r a m e t e r ,  such 
a s  change i n  volume of  t h e  c h e s t  w i t h  r e s p i r a t i o n ,  would be  a c c e p t a b l e .  

The a la rm u n i t  must be r e l i a b l e ,  It must be s e n s i t i v e  enough t o  
d e t e c t  l o s s  o f  r e s p i r a t i o n ,  bu t  i t  must n o t  be s o  s e n s i t i v e  t h a t  f r e q u e n t  
f a l s e  alarms a r e  g iven ,  I f  f r e q u e n t  f a l s e  alarms a r e  g iven ,  t h e  u n i t  w i l l  
be tu rned  o f f  o r  i g n o r e d ,  and i t  w i l l  s e r v e  no u s e f u l  purpose .  Necessary 
a t t achments  t o  t h e  p a t i e n t  must n o t  be  s o  bulky as  t o  cause  t h e  p a t i e n t  
d i s c o m f o r t ,  I n  summary, s i m p l i c i t y ,  r e l i a b i l i t y ,  and low f a l s e  a l a r m  r a t e  
a r e  primary requ i rements ,  



For Further Informationa Contact 

Ernest Harrison, Jr . 
Xesearch Triangle I n s t i t u t e  
P. 0. Box 12194 
Research Tr iangle  Park,  
North Carolina -27709 
919-549-8311 E x t .  376 



RTI / IRM-24 
September 1969 

P R O B L E M  S T A T E M E N T  

"Waste Management Technique" 

What i s  Needed 

A waste management system s u i t a b l e  f o r  use wi th  parapleg ics  is des i r ed .  

Background 

An extremely d i f f i c u l t  problem i n  t h e  c a r e  of persons wi th  lower 
ex t remi ty  p a r a l y s i s  i s  safe,  convenient waste management. There a r e  
s e v e r a l  s i g n i f i c a n t  f a c t o r s  which more than j u s t i f y  t h e  need forjmproved 
waste management techniques without  even cons ider ing  the  ma t t e r  of hygiene 
and convenience. F i r s t ,  many of t hese  p a t i e n t s  have the  a b i l i t y  and 
q u a l i f i c a t i o n s  t o  hold down p r o f i t a b l e  employment p o s i t i o n s  and t o  become 
e f f e c t i v e  con t r ibu to r s  t o  soc i e ty  i f  e f f e c t i v e  waste  management techniques 
were ava i l ab l e .  Second, compactions of f e c a l  ma t t e r  i n  t he  bowels is  a  
r e c u r r i n g  and seve re  problem wi th  t h e s e  p a t i e n t s .  Indeed, dea th  r e s u l t i n g  
from complete blockage i s  not  unknown. 

Bas i ca l ly ,  waste management i n  t h e s e  cases  involves  some combination 
of t h e  fol lowing requirements : 

(1) A c o l l e c t i o n  and temporary s t o r a g e  device  f o r  u r i n e  t h a t  can 
be worn by the  p a t i e n t  during d a i l y  a c t i v i t i e s .  

a .  The conf igura t ion  of t he  u r i n e  c o l l e c t i o n  device  must be such 
t h a t  t h e  leakage does n o t  occur  a t  t h e  i n t e r f a c e  between the  
p a t i e n t  and the device.  

b. The u r i n e  c o l l e c t i o n  device  w i l l  l i k e l y  r e q u i r e  d i f f e r e n t  
conf igura t ions  f o r  male and female beeauee csf anatomical 
d i f f e r ences .  

(2) A s o l i d  waste c o l l e c t i o n  and temporary s to rage  device t h a t  can.  a l s o  
be worn by the  p a t i e n t  during d a i l y  a c t i v i t i e s ,  

a .  The most severe  requirement on t h e  s o l i d  waste c o l l e c t i o n  
device occurs  f o r  p a t i e n t s  w i t h  no muscle con t ro l  and no 
a b i l i t y  t o  void. For t h e s e  p a t i e n t s ,  an "ac t ive"  c o l l e c t i o n  
device is  requi red ;  i . e . ,  t h e  device must e x t r a c t  t h e  f e c a l  
mat te r  . 

b. Although no t  necessary ,  a  common waste s to rage  u n i t  could be 
employed f o r  the l i qu id  and s o l i d  waste on these  p a t i e n t s  
r equ i r ing  both.  



The u n i t  must be c o m f o r t a b l e  enough t o  be worn f o u r t e e n  h o u r s  by t h e  
p a t i e n t .  The n e c e s s i t y  f o r  s m a l l  s i z e  can be r e a d i l y  a p p r e c i a t e d .  The 
c a p a c i t y  of t h e  s t o r a g e  u n i t ( s )  must be s u f f i c i e n t  t o  s t o r e  a t  l e a s t  1 ,000 
c u b i c  c e n t i m e t e r s  of l i q u i d  and 150 c u b i c  c e n t i m e t e r s  of s o l i d  w a s t e .  
Leakage is  a  s e v e r e  p s y c h o l o g i c a l  problem and t o  be a c c e p t a b l e  t o  t h e  
p a t i e n t  such "acc iden t s"  must be reduced t o  t h e  p o i n t  t h a t  t h e  p a t i e n t  
h a s  c o n f i d e n c e  i n  t h e  u n i t s .  Zero  l eakage  i s  d e s i r a b l e .  Of c o u r s e ,  t h e  
g r e a t e s t  l eakage  problem is  n o t  w i t h  t h e  s t o r a g e  u n i t ,  b u t  r a t h e r  w i t h  
t h e  i n t e r f a c e  between t h e  p a t i e n t  and t h e  c o l l e c t i o n  u n i t .  

F o r  F u r t h e r  I n f o r m a t i o n ,  Con tac t  
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P R O B L E M  S T A T E M E N T  

"A Means o f  P r e s e t t i n g  P r o s t h e t i c  Bands t o  G r i p  O b j e c t s  With 
a Des i red  Force" 

What i s  Needed 

A means o f  c a u s i n g  p r o s t h e t i c  hands t o  g r i p  an  o b j e c t  w i t h  a  p r e s c r i b e d  
f o r c e  i s  needed 

Background 

Powered p r o s t h e t i c  hands t h a t  a r e  commonly a v a i l a b l e  today g r a s p  o b j e c t s  w i t h  
a  f i x e d  f o r c e  which i s  f r e q u e n t l y  e i t h e r  n o t  a d j u s t a b l e  o r  v e r y  d i f f i c u l t  
t o  a d j u s t .  Var ious  d e v i c e s  have been t r i e d .  For  example,  s l i p  c l u t c h e s  a r e  
sometimes i n c o r p o r a t e d  i n  t h e  d r i v e  t r a i n  s o  t h a t ,  when t h e  hand g r a s p s  an 
o b j e c t ,  t h e  d r i v e  c o n t i n u e s  t o  c l o s e  t h e  hand u n t i l  t h e  f o r c e  which corresponds 
t o  t h e  s l i p  c l u t c h  is  exceeded,  A t  t h a t  p o i n t ,  t h e  c l u t c h  s l i p s ,  and 
t h e  f o r c e  a p p l i e d  by t h e  hand remains c o n s t a n t .  U n f o r t u n a t e l y ,  i n  
r e h a b i l i t a t i o n  i t  i s  d e s i r a b l e  (because  o f  t h e  v a r y i n g  t a s k s  t h a t  d i f f e r e n t  
p e o p l e  perform) t h a t  d i f f e r e n t  p r o s t h e t i c  hands b e  c a p a b l e  o f  ad jus tment  t o  
p r o v i d e  d i f f e r e n t  g r a s p i n g  f o r c e s .  Th i s  i s  not e a s i l y  accomplished w i t h  t h e  
s l i p  c l u t c h e s  i n  use .  I n  a d d i t i o n ,  t h e  s l i p  c l u t c h e s  themselves  add mechanical  
complexity and expense t o  t h e  hand, Other  t e c h n i q u e s  have been t r i e d ,  b u t  
most s u f f e r  from complexi ty ,  d i f f i c u l t y  o f  a d j u s t m e n t ,  o r  h igh  c o s t .  What 
i s  d e s i r e d  i s  a v e r y  s imple  means o f  c o n t r o l l i n g  t h e  g r a s p  o f  a  p r o s t h e t i c  
hand s o  t h a t  i t s  g r a s p i n g  f o r c e  does n o t  exceed a  p r e s c r i b e d  l i m i t .  

The pr imary requirements  p l a c e d  on t h e  s o l u t i o n  t o  t h i s  problem a r e  
s i m p l i c i t y  and low c o s t .  Complexity and accompanying b u l k  w i l l  d i s c o u r a g e  u s e .  
I n  t h e  c l i n i c a l  s i t u a t i o n ,  even moderate ly  h i g h  c o s t  w i l l  p o s i t i v e l y  p r o h i b i t  
use .  I n  a d d i t i o n ,  t h e  i n s t a l l a t i o n  o f  t h e  n e c e s s a r y  c o n t r o l  c i r c u i t r y  o r  
d e v i c e  must be  r e l a t i v e l y  e a s i l y  accomplished t o  pe rmi t  r e t r o f i t t i n g  t o  
e x i s t i n g  p r o s t h e t i c  hands.  F u r t h e r ,  t h e  method of c o n t r o l  s e l e c t e d  must 
permi t  changing o f  t h e  p r e s e t  g r a s p i n g  f o r c e  q u i c k l y  and e a s i l y  shou ld  t h e  
requ i rements  of t h e  p r o s t h e t i c  hand u s e r  change. 

E r n e s t  H a r r i s o n ,  Jr , 
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October  1969 

P R O B L E M  S T A T E M E N T  

"EMG Telemetry  f o r  Hand Therapy" 

What is  Needed 

A s m a l l  t e l e m e t r y  u n i t  which can  be s t r a p p e d  t o  a  p a t i e n t ' s  arm and used 
t o  t r a n s m i t  t h e  e lect romyographic  s i g n a l  from a  muscle on t h e  hand is  r e q u i r e d .  

Background 

The Hand R e h a b i l i t a t i o n  Cente r  o f  t h e  U n i v e r s i t y  of North C a r o l i n a  Medical  
School  i s  engaged i n  a  program of o c c u p a t i o n a l  and p h y s i c a l  t h e r a p y  t o  h e l p  i n  
r e s t o r i n g  t h e  f u n c t i o n  of t h e  hand t o  people  who have rece ived  i n j u r i e s  t h a t  
c a u s e  i n c a p a c i t a t i o n .  Therapy is a l s o  a d m i n i s t e r e d  t o  r e g a i n  f u n c t i o n  of hands 
where s u r g i c a l  c o r r e c t i v e  procedures  have been accomplished.  

One impor tan t  a s p e c t  of t h e r a p y  is t h e  f a c t  t h a t  i t  i s  d e s i r a b l e  t o  
e x e r c i s e  c e r t a i n  p a r t i c u l a r  muscles i n  s p e c i f i c  f a s h i o n s ,  i n  o r d e r  t o  s t r e n g t h e n  
o r  r e g a i n  f u n c t i o n  i n  t h e s e  muscles .  Damaged muscles  a r e  f r e q u e n t l y  favored  
by b r i n g i n g  i n t o  p l a y  some o t h e r  combinat ion of muscles  t o  produce t h e  motions 
p r e s c r i b e d  by t h e  the rapy .  A s  a  r e s u l t ,  a  method i s  r e q u i r e d  t o  de te rmine  i f  
t h e  s p e c i f i c  muscle involved is  a c t u a l l y  be ing  e x e r c i s e d .  

I n  t h e  p a s t ,  t h e  Hand R e h a b i l i t a t i o n  Cente r  h a s  used a  s imple  electromyo- 
g r a p h i c  (EMG) d e v i c e  which p i c k s  up t h e  EMG s i g n a l  from t h e  s p e c i f i c  muscle 
t h a t  i s  be ing  e x e r c i s e d .  Electromyography i s  a g e n e r a l  term which i n c l u d e s  any 
procedure  f o r  r e g i s t e r i n g  t h e  e l e c t r i c a l  a c t i v i t y  of muscle.  A s imple  way t o  
d e t e c t  t h e  e l e c t r i c a l  a c t i v i t y  o r  a c t i o n  p o t e n t i a l s  of s k e l e t a l  muscle  is  t o  
p l a c e  s u r f a c e  e l e c t r o d e s  on t h e  s k i n  over  t h e  muscle.  No e l e c t r i c a l  a c t i v i t y  
occurs  over  t h e  r e s t i n g  muscle.  During muscle c o n t r a c t i o n ,  a n  i r r e g u l a r  o s c i l l a t i o n  
of 0.1-2 m i l l i v o l t s ,  o f t e n  w i t h  a  f requency of abou t  50 h e r t z ,  occurs .  E l e c t r i c a l  
a c t i v i t y  i s  a n  i n d i c a t i o n  of v o l u n t a r y  o r  r e f l e x  c o n t r a c t i o n  of t h e  muscle ,  and 
t h e  e l e c t r i c a l  s i g n a l  magnitude i s  approx imate ly  p r o p o r t i o n a l  t o  t h e  t e n s i o n  
produced by t h e  muscle.  Thus, t h e  magnitude of t h e  s i g n a l  c a n  be used a s  a n  
index of t h e  neuromuscuLar a c t i v i t y  of t h e  muscle being monitored.  

While t h i s  d e v i c e  has  been of g r e a t  h e l p ,  i t  has  a  number of l i m i t a t i o n s .  
F i r s t ,  t h e  EMG a m p l i f i e r  r e q u i r e s  t h e  c o n s t a n t  p resence  o f  a n  o p e r a t o r .  Second, 
d u r i n g  t h e  the rapy  s e s s i o n s  it i s  sometimes n e c e s s a r y  f o r  t h e  p a t i e n t  t o  move from 
one e x e r c i s e  d e v i c e  t o  a n o t h e r .  Because of t h e  n e c e s s i t y  t o  c a r r y  t h e  EMG 
a m p l i f i e r  from p l a c e  t o  p l a c e ,  it  i s  n o t  o f t e n  used i n  t h i s  manner. E s s e n t i a l l y ,  
p a t i e n t s  a r e  n o t  monitored a s  they  perform t h e  v a r i o u s  e x e r c i s e s  because  o f  t h e  
inconvenience i n  c a r r y i n g  t h e  u n i t  from p l a c e  t o  p lace .  A s m a l l  EMG t e l e m e t r y  
u n i t  t h a t  cou ld  be s t rapped  t o  t h e  p a t i e n t ' s  arm o r  w r i s t  would permi t  moni to r ing  
of t h e  EMG s i g n a l  from t h e  s e l e c t e d  muscle a s  t h e  p a t i e n t  goes through h i s  
e n t i r e  t h e r a p y  s e s s i o n .  Cons tan t  a t t e n d a n c e  of a  t h e r a p i s t  would n o t  be r e q u i r e d ,  
thus  p e r m i t t i n g  t h e r a p i s t s  t o  t r e a t  more p a t i e n t s .  



The t e l e m e t r y  t r a n s m i t t e r  must be s m a l l  enough t o  s t r a p  on t h e  arm o r  w r i s t .  
Dimensions of 1 i n c h  by 2 inches  would n o t  be p r o h i b i t i v e ,  a l t h o u g h  a s m a l l e r  
u n i t  would be more d e s i r a b l e .  Rechargeable  b a t t e r i e s  a r e  a l s o  d e s i r a b l e .  
B a t t e r i e s  should  p e r m i t  o p e r a t i o n  of  t h e  u n i t  f o r  8 hours  w i t h o u t  r e c h a r g i n g .  
S e n s i t i v i t y  of  t h e  u n i t  shou ld  be s u f f i c i e n t  t o  d e t e c t  EMG s i g n a l s  a s  low a s  
0 .01  m i l l i v o l t  s i n c e  t h e  EMG o u t p u t  from damaged muscles  is  f r e q u e n t l y  lower 
t h a n  t h e  normal v a l u e s .  The t r a n s m i s s i o n  range  r e q u i r e d  i s  l e s s  t h a n  30 f e e t .  
The r e c e i v e r  shou ld  have p r o v i s i o n  f o r  c o u p l i n g  t o  a  s t a n d a r d  s t r i p  c h a r t  r e c o r d e r ,  
a s  w e l l  a s  a n  a u d i o  o u t p u t .  S imul taneous  o r  i n d i v i d u a l  s e l e c t i o n  of t h e s e  o u r p u t s  
i s  d e s i r e d .  
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December 1969 

P R O B L E M  S T A T E M E N T  

"Non C o n t a c t i n g  Method f o r  Human I n f a n t  P o s i t i o n  De te rmina t ion"  

What i s  Needed 

A means i s  needed f o r  a u t o m a t i c a l l y  r e c o r d i n g  p o s i t i o n  v s .  t ime f o r  a  10- 
month o l d  i n f a n t  c r a w l i n g  f r e e l y  i n  a  c l o s e d  room. 

D r .    he in gold's long- term g o a l  is  u n d e r s t a n d i n g  t h e  development of s o c i a l  
and e x p l o r a t o r y  behav io r  i n  t h e  human i n f a n t .  Her r e s e a r c h  program d i r e c t e d  
toward t h i s  end h a s  p r a c t i c a l  i m p l i c a t i o n s  i n  t h e  g u i d e l i n e s  it may p rov ide  
f o r  c h i l d  r a i s i n g  and t r a i n i n g ,  s u r e l y  a  s u b j e c t  of u n i v e r s a l  i n t e r e s t ,  b u t  t h e  
primary v a l u e  of  t h i s  r e s e a r c h  l i e s  i n  i t s  b a s i c  c o n t r i b u t i o n s  t o  t h e  s c i e n c e  
of developmental  psychology,  a  s c i e n c e  s t i l l  i n  r e l a t i v e  i n f a n c y .  

D r .  Rheingold and h e r  a s s o c i a t e s  a r e  now s t u d y i n g  in fan t -mother  detachment ,  
t h e  p rocess  by which t h e  dependent  i n f a n t  moves toward independence.  Detach- 
ment may be c o n t r a s t e d  t o  t h e  more f a m i l i a r  (bu t  n o t  d i r e c t l y  o p p o s i t e )  
concep t  of a t t achment - - the  i n f a n t  is  a t t a c h e d  t o  h i s  mother ,  t o  o t h e r  f a m i l y  
members, t o  p l a c e s  and o b j e c t s .  Detachment i s  a s  u n i v e r s a l  a s  a t t achment  and a s  
impor tan t ,  b u t  l e s s  w e l l  s t u d i e d .  

Detachment and e x p l o r a t o r y  behav io r  a r e  i n t i m a t e l y  r e l a t e d ;  t h e  c h i l d  
l e a v e s  t h e  mother t o  e x p l o r e  h i s  s u r r o u n d i n g s ,  h i s  environment .  How does  t h e  
c h i l d  e x p l o r e  h i s  environment and a c q u i r e  i n f o r m a t i o n  abou t  i t ?  How does  t h i s  
behav io r  change when one changes t h e  environment?  And add ing  a  toy  o r  two t o  
a  p r e v i o u s l y  empty room i s  a n  example of a  change i n  environment  from t h e  
c h i l d ' s  v iewpoin t .  How o f t e n  does  t h e  c h i l d  r e t u r n  t o  c o n t a c t  t h e  mother?  
What does he  look  a t  and f o r  how long?  How does  t h i s  change w i t h  a g e ?  These 
and o t h e r  seemingly  commonplace q u e s t i o n s  must be g i v e n  answers by exper iment ,  
and D r .  R h e i n g o l d ' s  group has  been making e x p e r i m e n t a l  o b s e r v a t i o n s  on t h e  
e x p l o r a t o r y  b e h a v i o r  of 10-month o l d  i n f a n t s .  

The 10-month o l d  i n f a n t  i s  p laced i n  a  c l o s e d  room. Toys a r e  p r e s e n t  i n  some 
c a s e s ,  no t  i n  o t h e r s ,  I n  t h e  work up t o  t h i s  p o i n t  t h e  mother h a s  been p r e s e n t ,  
s e a t e d  a t  one p o i n t  i n  t h e  room. P a i r s  of t r a i n e d  o b s e r v e r s ,  viewing from 
o u t s i d e  t h e  room, watch t h e  i n f a n t "  r e s p o n s e s  a c c o r d i n g  t o  p r e s e l e c t e d  c r i t e r i a .  
Responses used have inc luded  t h e  c h i l d ' s  p o s i t i o n  i n  t h e  room, how o f t e n  t h e  
c h i l d  looks a t  a  t o y ,  how o f t e n  a t  t h e  mother ,  and t h e  f requency of c o n t a c t  
w i t h  t h e  t o y  o r  mother .  The c h i l d ' s  sounds a r e  a l s o  t ape - recorded .  

One of t h e  most impor tan t  measures of e x p l o r a t o r y  behav io r  is  t h e  r e c o r d  
of t h e  c h i . l d P s  p o s i t i o n  vs .  t i m e ,  It i s  h i g h l y  d e s i r a b l e  t o  r ecord  t h i s  
a u t o m a t i c a l l y ,  bo th  t o  l i g h t e n  o b s e r v e r  load and t o  remove p s y c h o l o g i c a l  b i a s  from 
t h e  o b s e r v a t i o n .  (This  b i a s  i s  t h e  r e a s o n  p a i r s  of o b s e r v e r s  a r e  used . )  A 



d i f f i c u l t y  i s  t h a t  t h e  f r e e  c h i l d ' s  n a t u r a l  e x p l o r a t o r y  behav io r  i s  t h e  g o a l ,  
and no measur ing sys tem can  be used which would i n t e r f e r e  w i t h  t h a t  b e h a v i o r ,  

A t  p r e s e n t ,  t h e  p o s i t i o n  of  t h e  10-month o l d  c h i l d  i n  t h e  e x p e r i m e n t a l  room 
is  recorded  by o b s e r v e r s  wa tch ing  through one-way g l a s s  m i r r o r s  i n  one w a l l  of 
t h e  c l o s e d  room. The o b s e r v e r s  r e c o r d  t h e  t ime  when t h e  c h i l d  c r o s s e s  g r i d  l i n e s  
marked on t h e  f l o o r ;  t h e  l i n e s  a r e  roughly  t h r e e  f e e t  a p a r t  d e f i n i n g  c e l l s  abou t  
one s q u a r e  yard  i n  a r e a .  

The e x p e r i m e n t a l  room i s  r e c t a n g u l a r ,  a b o u t  9 f e e t  wide by 18 f e e t  long.  
Wal ls  and c e i l i n g  a r e  o f f - w h i t e  and concea led  incandescen t  l i g h t s  on one of  t h e  
l o n g e r  w a l l s  p rov ide  approx imate ly  7 f o o t - c a n d l e s  of i l l u m i n a t i o n  a t  t h e  f l o o r .  
One-way m i r r o r s  i n  one w a l l  g i v e  a view of  t h e  room f o r  t h e  e x p e r i m e n t a l  
o b s e r v e r s .  The room i s  empty excep t  f o r  t h e  c h i l d  and a few t o y s ;  i n  some 
exper iments  t h e  mother w i l l  a l s o  be p r e s e n t ,  s e a t e d  and r e l a t i v e l y  m o t i o n l e s s  
a t  one end of t h e  room. 

An impor tan t  c o n s t r a i n t  is  t h a t  n o t h i n g  c a n  be a t t a c h e d  t o  t h e  c h i l d  o r  t o  
t h e  c h i l d ' s  c l o t h i n g .  Even i f  a  l i g h t w e i g h t  l i g h t  s o u r c e  o r  r e f l e c t o r  could  be 
p u t  on t h e  c l o t h i n g  f o r  some type  of o p t i c a l  t r a c k i n g  scheme, t h e  c h i l d  could  
l i e  down o r  o t h e r w i s e  be  o r i e n t e d  i n  a  p o s i t i o n  such t h a t  t h e  p o i n t  b e i n g  t r a c k e d  
was o u t  of s i g h t  of t h e  t r a c k i n g  system. However, t h e  c h i l d  c o u l d  wear some 
c l o t h i n g  c o l o r  p r o v i d i n g  o p t i c a l  c o n t r a s t  t o  t h e  r e s t  o f  t h e  room i f  t h i s  were 
u s e f u l  . 

S i n c e  on ly  mot ion i n  t h e  h o r i z o n t a l  p l a n e  i s  invo lved ,  i t  may be p o s s i b l e  
t o  ins t rument  t h e  f l o o r  ( a t  p r e s e n t  a s p h a l t  t i l e )  t o  r ecord  t h e  c h i l d ' s  p o s i t i o n .  
Whatever method i s  used must be r e l i a b l e  and r e l a t i v e l y  s imple  as i t  is  t o  be 
opera ted  and main ta ined  by p s y c h o l o g i s t s  and t h e i r  t e c h n i c i a n .  

The accuracy  of  p o s i t i o n  d e t e r m i n a t i o n  r e q u i r e d  i s  abou t  a  f o o t  i n  each of 
t h e  two dimensions .  The r e s e a r c h e r s  a l r e a d y  u s e  a  d i g i t a l  d a t a  a c q u i s i t i o n  system 
which c a n  record  64 even t -vs  . - t ime channe l s  on a n  inc rementa l  magnet i c  t a p e  
r e c o r d e r .  A t  l e a s t  10 c h a n n e l s  a r e  n o t  i n  use  a l l o w i n g  t h e  p o s s i b i l i t y  of a 
5 - b i t  b i n a r y  code f o r  each of t h e  two dimensions  s p e c i f y i n g  c h i l d  p o s i t i o n ;  5 
b i t s  w i l l  a l l o w  s u f f i c i e n t  a c c u r a c y ,  Whatever method i s  used f o r  t h e  au tomat ic  
r e c o r d i n g  of t h e  c h i l d "  p o s i t i o n  v s .  t ime  w i l l  u l t i m a t e l y  be connected t o  t h i s  
d a t a  a c q u i s i t i o n  sys tem,  

George S ,  Hayne, Pb,U, 
Research Triangle Z r t s t  L t i ~ t e  
P, 0. Box 12194 
Research Triangle Pa rk ,  
North C a r o l i n a  27709  
919-549-8311, Ext ,  '531 



RTI/LSU- l 

January  1970 

P R O B L E M  S T A T E M E N T  

"Improved Mechanical  R e s p i r a t o r s "  

What i s  Needed 

An improved method o f  p r o v i d i n g  a r t i f i c i a l  r e s p i r a t i o n  f o r  p o l i o  v i c t i m s  
i s  r e q u i r e d .  

P o l i o m y e l i t i s  i s  a  v i r u s  i n f e c t i o n  which can  r e s u l t  i n  v a r y i n g  d e g r e e s  of 
p a r a l y s i s  i n c l u d i n g  t o t a l  p a r a l y s i s  of t h e  body e x c e p t  f o r  t h e  head and neck.  
The i n c i d e n c e  of p o l i o m y e l i t i s  has  been d r a m a t i c a l l y  reduced by t h e  use  of a  
v a c c i n e ,  b u t  many of  t h e  v i c t i m s  of t h e  epidemics  of 1945-55 a r e  s t i l l  s u r v i v i n g  
w i t h  t h e  a i d  of mechan ica l  r e s p i r a t o r s .  About 1500 of t h e s e  v i c t i m s  a r e  con- 
f i n e d  t o  " i r o n  lungs"  and improvements i n  t h e s e  u n i t s  a r e  r e q u i r e d ,  

A r t i f i c i a l  r e s p i r a t i o n  c a n  be produced by a p p l y i n g  a  p o s i t i v e  p r e s s u r e  o r  a  
n e g a t i v e  p r e s s u r e  on t h e  o u t s i d e  of  t h e  c h e s t .  The p o s i t i v e  p r e s s u r e  method 
c a n n o t  be used f o r  s i g n i f i c a n t  p e r i o d s  of t ime  because  of  t h e  r e s u l t i n g  c o n s t r i c -  
t i o n s  i n  t h e  c a r d i o v a s c u l a r  system. P o s i t i v e  p r e s s u r e  can  be a p p l i e d  f o r  b r i e f  
p e r i o d s  on t h e  i n s i d e  o f  t h e  l u n g s ,  b u t  t h i s  method i s  u n s u i t a b l e  because  t h e  
p a t i e n t  cannot  t a l k  a d e q u a t e l y .  

Most s u i t a b l e  r e s p i r a t i o n  methods use  a  n e g a t i v e  p r e s s u r e  on t h e  c h e s t  w a l l  
and v a r i o u s  c o n f i g u r a t i o n s  e x i s t  f o r  a p p l y i n g  t h i s  p r e s s u r e .  The most f a m i l i a r  
c o n f i g u r a t i o n  is  t h e  t a n k  r e s p i r a t o r  o r  " i r o n  lung" which is s imply  a c y l i n d e r  
t h a t  e n c l o s e s  t h e  p a t i e n t  from t h e  neck t o  t h e  f e e t .  A moving p i s t o n  produces 
a  p e r i o d i c  n e g a t i v e  p r e s s u r e .  

Another c o n f i g u r a t i o n  f o r  a p p l y i n g  a n e g a t i v e  p r e s s u r e  is  t h e  c u i r a s s  o r  
"peanut s h e l l "  type  which i s  s imply a  s h e l l  t h a t  f i t s  over  t h e  t o p  of t h e  c h e s t  
and a  n e g a t i v e  p r e s s u r e  i s  a p p l i e d  t o  t h e  s h e l l .  T h i s  n e g a t i v e  p r e s s u r e  pro- 
v i d e s  t h e  r e q u i r e d  s e a l  between t h e  s h e l l  and t h e  c h e s t  a s  w e l l  a s  t h e  f o r c e  f o r  
moving t h e  c h e s t  w a l l .  

The t a n k  r e s p i r a t o r s  p r o v i d e  t h e  b e s t  Lung v e n t i l a t i o n ,  b u t  t h e y  a r e  very  
bulky and c o n f i n e  t h e  p a t i e n t  t o  a  h o r i z o n t a l  p o s i t i o n .  T h i s  means t h a t  t h e  
p a t i e n t  f i n d s  i t  ve ry  d i f f i c u l t  t o  perform s imple  t a s k s  such a s  t u r n i n g  pages of 
a  book (wi th  a  s t i c k  h e l d  i n  the  mouth) and u s i n g  a  t y p e w r i t e r  (wi th  a  s t i c k  
a l s o ) .  The p a t i e n t  has  no m o b i l i t y ,  and a l s o  f i n d s  it d i f f i c u l t  t o  remove n a s a l  
c o n g e s t i o n  which i s  q u i t e  p r e v a l e n t .  

Many of  t h e  problems c a n  be solved i f  t h e  p a t i e n t  can s imply  s i t  up ,  The 
c u i r a s s  u n i t s  e n a b l e  t h e  p a t i e n t  t o  s i t  up and a l l o w  a  f a i r  degree  of m o b i l i t y  i n  
a  wheel  c h a i r .  P a t i e n t s  c a n  t r a v e l  and perform si inple t a s k s  which e n a b l e  them 
t o  t a k e  a  more a c t i v e  and u s e f u l  r o i e  i n  s o c i e t y .  U n f o r t u n a t e l y ,  t h e  c u i r a s s  



u n i t s  a r e  a b o u t  30-50 p e r c e n t  a s  e f f i c i e n t  i n  p r o v i d i n g  a i r  t o  t h e  lungs  s o  
t h a t  o n l y  ve ry  l i m i t e d  use c a n  be  made of t h e s e  u n i t s .  

The b a s i c  problem i s  t o  p r o v i d e  a  method of lung  v e n t i l a t i o n  t h a t  has  t h e  
e f f i c i e n c y  of t h e  t a n k  u n i t  and t h e  f l e x i b i l i t y  and p o r t a b i l i t y  of t h e  c u i r a s s  
u n i t s .  It appears  t h a t  i n  o r d e r  t o  p rov ide  adequa te  v e n t i l a t i o n ,  a  t o t a l  
e n c l o s u r e  of t h e  c h e s t  i s  r e q u i r e d .  Thus t h e  new c o n f i g u r a t i o n  should p rov ide  a  
means of e n c l o s i n g  t h e  c h e s t  from t h e  neck t o  t h e  h i p ,  p rov ide  a n  adequa te  s e a l  
f o r  low n e g a t i v e  p r e s s u r e s ,  and p rov ide  a  f l e x i b i l i t y  such t h a t  a  p a t i e n t  can 
s i t  up a s  w e l l  a s  l i e  down. 

Requirements and S p e c i f i c a t i o n s  

A n e g a t i v e  p r e s s u r e  of from 0-40 c e n t i m e t e r s  o f  w a t e r  is  r e q u i r e d .  A 
b r e a t h i n g  r a t e  of abou t  15-20 t imes p e r  minute  i s  t y p i c a l  w i t h  an  exchange of 
a i r  i n  t h e  lungs  of abou t  one l i t e r  p e r  b r e a t h .  Thus t h e  exchange of a i r  i n  t h e  
e n c l o s u r e  s h e l l  w i l l  be a b o u t  2 l i t e r s .  

For  F u r t h e r  In f  ormat ion ,  Contac t  

F .  Thomas Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P .  0. Box 12194 
Research T r i a n g l e  Park,  
North C a r o l i n a  27709 
919-549-8311 Ext .  368 



RTI/McV-2 

February  1970 

P R O B L E M  S T A T E M E N T  

"High I n t e n s i t y ,  S o f t  X-Ray Sources"  

What is  Needed 

A h i g h - i n t e n s i t y ,  s o f t  X-ray s o u r c e  i s  needed.  

Roentgen o r  X-rays a r e  w i d e l y  used i n  medic ine  f o r  a  v a r i e t y  of purposes  
r a n g i n g  from t i s s u e  d e s t r u c t i o n  f o r  t h e r a p e u t i c  purposes  t o  v i s u a l i z a t i o n  
of s t r u c t u r e s  w i t h i n  t h e  human body f o r  d i a g n o s t i c  purposes .  A v a r i e t y  
of s o u r c e s  from r a d i o a c t i v e  m a t e r i a l s  t o  e l e c t r o n i c  X-ray g e n e r a t o r s  a r e  
employed. The X - r a d i a t i o n  d e r i v e d  from t h e s e  s o u r c e s  c o v e r s  a  broad band 
of wavelengths .  I n  e l e c t r o n i c  X-ray g e n e r a t o r s ,  t h e  wavelength  i s  a  
f u n c t i o n  of t h e  v o l t a g e  a p p l i e d  t o  t h e  X-ray tube .  T y p i c a l  v a l u e s  of 
wavele g t h  and e q u i v a l e n t  tube  v o l t a g e  f o r  v a r i o u s  a p p l i c a t i o n s  a r e  l i s t e d  
below. 

P 

S u p e r f i c i a l  t h e r a p y  
Genera l  roentgenography 30- 100 
Immediate t h e r a p y  140 
Deep t h e r a p y  200-400 
S u p e r v o l t a g e  t h e r a p y  > 1000 

G e n e r a l l y  speak ing ,  t h e  h i g h e r  t h e  v o l t a g e  ( s h o r t e r  wave leng th ) ,  t h e  more 
p e n e t r a t i n g  t h e  r a d i a t i o n .  The more p e n e t r a t i n g  t h e  r a d i a t i o n ,  t h e  more d i f f i -  
c u l t  i t  is  t o  d e t e c t  s u b t l e  d i f f e r e n c e s  i n  t i s s u e  o r  s t r u c t u r e  d e n s i t y .  For  
example, w i t h  t h e  h i g h  v o l t a g e  X-ray s o u r c e s ,  a l l  t i s s u e  i s  e s s e n t i a l l y  t r a n s -  
p a r e n t  t o  t h e  r a d i a t i o n  and o n l y  dense  bony s t r u c t u r e s  can  be d i f f e r e n t i a t e d ,  
On t h e  o t h e r  hand,  as t h e  v o l t a g e  i s  lowered,  s m a l l e r  d i f f e r e n c e s  i n  d e n s i t y  
of  t i s s u e s  c a n  be d e t e c t e d .  

The r e s e a r c h e r  i s  i n t e r e s t e d  i n  t h e  use  of  X-rays t o  d e t e c t  tumors i n  s o f t  
t i s s u e .  The s p e c i f i c  a p p l i c a t i o n  i s  mammography, i . e . ,  t h e  t a k i n g  of  X-ray 
photographs  of  t h e  female  b r e a s t ,  f o r  t h e  purpose  of d e t e c t i n g  tumors.  
D i f f e r e n t i a t i o n  of tumors from normal t i s s u e  i n  t h e  female  b r e a s t  w i t h  X-rays 
r e q u i r e s  low v o l t a g e  ( long wavelength)  X-ray s o u r c e s  i n  t h e  range of  20-35 kV 
peak.  There a r e  X-ray s o u r c e s  a v a i l a b l e  i n  t h i s  v o l t a g e  range ,  b u t  t h e r e  is  one 
s i g n i f i c a n t  d i f f i c u l t y .  

I n  o r d e r  t o  a c h i e v e  t h e  t i s s u e  d i s c r i m i n a t i o n  n e c e s s a r y  t o  d e t e c t  t h e s e  
tumors,  ve ry  s u b t l e  d i f f e r e n c e s  i n  d e n s i t y  on t h e  exposed f i l m  must be 
e v a l u a t e d .  A v a i l a b l e  X-ray s o u r c e s  i n  t h i s  v o l t a g e  range  have a  low energy 
o u t p u t ,  s o  t h a t  r e l a t i v e l y  long  exposures  a r e  r e q u i r e d  t o  o b t a i n  a  u s a b l e  

l~edical , O t t o  G l a s s e r ,  Vol. 1, p.  1397, The Year Book P u b l i s h e r s ,  
I n c .  , 1944. 
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image on f i l m ,  Using t h e  f a s t e s t ,  commercia l ly  a v a i l a b l e  h i g h - r e s o l u t i o n  
f i l m ,  exposures  i n  excess  of s i x  seconds  a r e  r e q u i r e d .  ( I t  should  be noted 
t h a t  f a s t e r  X-ray f i l m s  a r e  a v a i l a b l e ,  b u t  t h e i r  r e s o l u t i o n  is  i n s u f f i c i e n t  
f o r  t h e s e  purposes . )  O f  c o u r s e ,  i n  such a l o n g  exposure i t  is  imposs ib le  t o  
e l i m i n a t e  i n t e r n a l  (and e x t e r n a l )  mot ion of t h e  p a t i e n t  a s  a  r e s u l t  of 
r e s p i r a t i o n  and h e a r t b e a t .  This  movement r e s u l t s  i n  b l u r r e d  images which 
r e n d e r  t i s s u e  d i s c r i m i n a t i o n  a l l  b u t  imposs ib le .  To overcome t h i s  d i f f i c u l t y ,  
a  h i g h e r  energy ,  low v o l t a g e  X-ray s o u r c e  is d e s i r e d .  

A h i g h - i n t e n s i t y ,  low v o l t a g e  X-ray s o u r c e  i s  d e s i r e d .  The s o u r c e  should 
be i n  t h e  range o f  20-35 k i l o v o l t s  peak. The exposure t ime d e s i r e d  t o  reduce 
movement a r t i f a c t  on t h e  f i l m  i s  one- ten th  second. It i s  expected t h a t  a  beam 
c u r r e n t  i n  t h e  o r d e r  LO amperes w i l l  be r e q u i r e d .  

E r n e s t  H a r r i s o n ,  Jr .  
Research T r i a n g l e  I n s t i t u t e  
P. 0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North C a r o l i n a  27709 
919-549-8311 Ext .  376 



RTL/MISC-4 

March 1970 

P R O B L E M  S T A T E M E N T  

"Freez ing  Uni t  f o r  Smallpox Vaccine" 

What i s  Needed 

A p o r t a b l e  self-powered f r e e z i n g  u n i t  f o r  s t o r i n g  smal lpox vacc ine  i n  
remote,  t r o p i c a l  r e g i o n s .  

Smallpox is  a  h i g h l y  con tag ious  d i s e a s e  which c a n  r e s u l t  i n  permanent 
d i s f i g u r e m e n t  and d e a t h .  The World H e a l t h  O r g a n i z a t i o n  h a s  s e t  a  g o a l  of 
e r a d i c a t i n g  smal lpox from t h e  e a r t h  by 1977 and,  t o  r e a c h  t h a t  g o a l ,  massive  
v a c c i n a t i o n  programs a r e  underway. The program is  p a r t i c u l a r l y  a c t i v e  i n  
A f r i c a  because t h e  d i s e a s e  is  endemic i n  t h e  t r o p i c s .  

0 
Smallpox v a c c i n e  must be s t o r e d  a t  0  C from t h e  t ime  of p roduc t ion  t o  t h e  

t ime of a d m i n i s t r a t i o n  t o  t h e  p a t i e n t .  T h i s  degree  of t empera tu re  c o n t r o l  
i s  p a r t i c u l a r l y  d i f f i c u l t  i n  t h e  remote r e g i o n s  of t r o p i c a l  A f r i c a .  The 
v a c c i n e  must be t r a n s p o r t e d  by t r u c k  t o  t h e  remote r e g i o n s ,  and t h e  v a c c i n e  
must be s t o r e d  i n  p o r t a b l e  t ruck-borne f r e e z e r s  f o r  p e r i o d s  up t o  20 days.  
S e v e r a l  types  of u n i t s  have been t r i e d  b u t  a l l  have been u n s a t i s f a c t o r y .  
Kerosene-operated u n i t s  have n o t  been mobi le  enough and t h e r m o e l e c t r i c  u n i t s  
have n o t  provided adequa te  c o l d .  It may be p o s s i b l e  t o  use  LP gas-operated 
u n i t s  i f  r e l i a b l e  u n i t s  c a n  be found. 

The c o n s t r a i n t s  on weight  and s i z e  of t h e  f r e e z e r  a r e  approximately  150 
pounds and 30 inches  x  30 inches  x  30 i n c h e s ,  w i t h  a  2.5-3 c u b i c  f o o t  c a p a c i t y .  

0 
I n t e r n a l  t empera tu res  o f  0 C must be mainta ined i n  remote a r e a s  f o r  20 days  i n  

0 
r e g i o n s  where t h e  ambient t empera tu re  i s  38 C .  

F .  Thomas Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P. 0. Box 12194 
Research T r i a n g l e  Park ,  
North C a r o l i n a  27709 
919-549-8311 E x t .  368 
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P R O B L E M  S T A T E M E N T  

"Ur ina t ion  Detec t ion"  

What i s  Needed 

A t r a n s d u c e r  i s  needed t o  d e t e c t  t h e  o n s e t  of u r i n a t i o n  by g e r i a t r i c  p a t i e n t s .  

One of t h e  s i g n i f i c a n t  problems f a c i n g  t h e  N a t i o n a l  I n s t i t u t e  of Mental  
Hea l th  i s  concerned w i t h  g e r i a t r i c  p a t i e n t s  ( p a t i e n t s  over  t h e  age  of 65) .  
A f r e q u e n t  problem w i t h  t h e s e  p a t i e n t s  i s  i n c o n t i n e n c e  of u r i n e  ( t h e  i n a b i l i t y  
t o  c o n t r o l  u r i n a t i o n )  and t h e  l a c k  of r e a l i z a t i o n  by t h e  p a t i e n t  t h a t  u r i n a t i o n  
h a s  occur red .  A s  a n  example of t h e  e x t e n t  of t h i s  problem, i n  one Veterans  
A d m i n i s t r a t i o n  h o s p i t a l  over  200 o f  t h e  2000 p a t i e n t s  were i n c o n t i n e n t ,  and t h e  
s t a f f  t ime and e f f o r t  r e q u i r e d  t o  keep t h e  p a t i e n t s  d r y  s i g n i f i c a n t l y  reduces  t h e  
s t a f f  t ime a v a i l a b l e  f o r  a c t i v i t i e s  such as group t h e r a p y  o r  o c c u p a t i o n a l  the rapy .  

It i s  b e l i e v e d  t h a t  i f  t h e  n u r s i n g  s t a f f  cou ld  be made aware of t h e  o n s e t  
of u r i n a t i o n  by p a t i e n t s ,  t h e  p a t i e n t s  c a n  be t r a i n e d  t o  respond t o  t h e  
s e n s a t i o n  of a  f u l l - b l a d d e r  by promptly t a k i n g  them t o  t h e  bathroom; t h i s  
procedure  has  been e f f e c t i v e  wi th  c h i l d r e n  who wet t h e  bed. 

A t r a n s d u c e r  i s  r e q u i r e d  f o r  d e t e c t i n g  t h e  o n s e t  of u r i n a t i o n .  I f  a n  
a p p r o p r i a t e  t r a n s d u c e r  c a n  be found. The o u t p u t  of t h e  t r a n s d u c e r  w i l l  be 
t e lemete red  t o  a  c e n t r a l  n u r s i n g  s t a t i o n .  

The p a t i e n t s  wear c o t t o n  work p a n t s  w i t h  no u n d e r c l o t l ~ i n g ,  and i t  w i l l  be 
p o s s i b l e  t o  measure m o i s t u r e  i n  t h e  p a n t s  w i t h o u t  r e q u i r i n g  a  d i r e c t  a t t achment  
t o  t h e  g e n i t a l s .  The t r a n s d u c e r  must be s m a l l  and l i g h t w e i g h t  because t h e  
p a t i e n t s  a r e  g e n e r a l l y  confused and might n o t  t o l e r a t e  bulky equipment s t rapped  
t o  them. T o t a l  weight  of t h e  t r a n s d u c e r  must be on t h e  o r d e r  of ounces.  

F .  Thomas Wooten, Ph.D. 
Research T r i a n g l e  I n s t i t u t e  
P ,  0 .  Box 12194 
Research T r i a n g l e  P a r k ,  
North C a r o l i n a  27709 
919-549-8311 E x t .  368 
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E.1 P o t e n t i a l  Biomedical I n d u s t r i e s  f o r  P a r t i c i p a t i o n  
i n  Biomedical Technology Trans fe r  

E lec t rocard iographic  Equipment 

Blood Systems 

Medical E lec t rodes  & Implants  

Phys io log ica l  Equipment 

A r t i f i c i a l  Kidney Equipment 

Pulmonary Equipment 

Su rg i ca l  Tools 

Tissue  & Membrane Equipment 

Radioact ive Chemicals & Equipment 

Op t i ca l  Instruments  

Acous t ica l  Instruments  

Spec i a l  Foods & Diets  

Disposable Suppl ies  

Remo te  Handling Equipment 

E l e c t r o n i c  Support Equipment 

Telemetry Equipment 

Graphic & Analog Computational Equipment 

General Instrument Companies 



E.2. P a r t i a l  L i s t i n g  of Biomedical Equipment Manufacturers 

1. ELECTROCARDIOGRAPHIC EQUIPMENT 

Astro-Space Labora tor ies ,  I n c . ;  Hun t sv i l l e ,  Alabama 
Biocom, Inc . ;  Culver Ci ty ,  C a l i f o r n i a  
C .  & G Medtronics; Albuquerque, New Mexico 
Caro l ina  Medical E lec t ron ic s ,  Inc . ;  Winston-Salem, North Carol ina 
Medical Technology Corp. ; South Da l l a s ,  Texas 
Medical Technology, Inc . ;  Waltham, Massachusetts 
M.D. E l ec t ron ic s ,  I n c . ;  Burbank, C a l i f o r n i a  
Siemens Medical of America, I n c . ;  Addison, I l l i n o i s  

2 .  BLOOD SYSTEMS 

Avionics Research Products  Corp. ; Los Angeles , Cal i fo rn i a  
Beta Corp. of S t .  Louis;  S t .  Louis-, Missouri 
Bio Medical Systems, Inc . ;  Danbury, Connecticut 
Medical Systems Corp.; Great Neck, New York 
Metro Physics ,  Inc . ;  Santa  Barbara,  C a l i f o r n i a  
Micro Instruments ,  I n c , ;  Los Angeles, Ca l i fo rn i a  
Nebraska Medical Instruments ,  Inc . ;  Omaha, Nebraska 
Oxford Instrument Co.; Jackson, Mis s i s s ipp i  
Payton Assoc ia tes ,  Inc . ;  Buffa lo ,  New York 
Quinton Instruments ; S e a t t l e ,  Washington 
Texas Medical Instrument  Corp.; Houston, Texas 

3 .  MEDICAL ELECTRODES & IMPLANTS 

Bio-Engineering Consul tants ,  I n c . ;  Ann Arbor, Michigan 
Extracorporeal  Medical S p e c i a l t i e s ,  I n c . ;  M t .  Laurel Township, New Jersey  
Medwire Corp.; M t .  Vernon, New York 
Medtronic, Inc . ;  Minneapolis, Minnesota 
Polysciences,  Inc .  ; Warrington, Pennsylvania 
Su rg i too l  Incorporated;  P i t t s b u r g ,  Pennsylvania 

4.  PHYSIOLOGICAL EQUIPMENT 

Bio-Medical E lec t ron ic s ,  I n c . ;  Rockvil le ,  Maryland 
Bio-Medical Instrument Co.; Newbury, Ohio 
Electrodyne, Div,, of Becton, Dickinson & Co.; Westwood, Massachusetts 
Gulton I n d u s t r i e s ;  Willow Grove, Pennsylvannia 
Mar i e t t a  Apparatus Co.; Mar i e t t a ,  Ohio 
Phys io logica l  Training Co.; San Marino, Ca l i fo rn i a  



5,  ARTIFICIAL KIDNEY EQUIPMENT 

Bio/Systems, I n c , ;  Santa  Monica, C a l i f o r n i a  
Kumion C r a f t s ,  I n c . ;  Arden, Delaware 
Myron L. Co.; San Gabr ie l ,  C a l i f o r n i a  
Roy, Mil ton,  Co.; S t .  Pe te rsburg ,  F lo r ida  
S e a t t l e  A r t i f i c i a l  Kidney Supply Company; S e a t t l e ,  Washington 
Sigmamotor, Inc . ;  Middleport,  New York 
Travenol Labora to r i e s ,  I n c . ;  Morton Grove, I l l i n o i s  

6. PULMONARY EQUIPMENT 

Donti Research Development Mfg. Corp.; Monsey, New York 
Electro/Med Ins t ruments ,  I n c . ;  Houston, Texas 
Med-Science E l e c t r o n i c ,  Inc . ;  S t .  Louis ,  Missouri 
S t i l e -Cra f t  Manufacturers,  I n c . ;  S t .  Louis ,  Missouri 

7.  SURGICAL TOOLS 

Foredom E l e c t r i c  Co.; Bethel ,  Connecticut 
F r i g i t r o n i c s ,  I n c . ;  Bridgeport ,  Connecticut 
Mueller,  V . ,  Div.,  American Hospi ta l  Supply Corp.;  Chicago, I l l i n o i s  
Zimmer Manufacturing Co.; Warsaw, Indiana  

8. TISSUE & MEMBRANE EQUIPMENT 

Flow Labora tore is ,  Inc .  ; Rockvil le  , Maryland 
Spider ,  Inc.  ; Sudbury, Massachusetts 

9. RADIOACTIVE CHEMICALS & EQUIPMENT 

American Nuclear Corp.; Oak Ridge, Tennessee 
New England Nuclear ; Boston, Massachusetts 

10. OPTICAL INSTRUMENTS 

Bauch & Lomb I n c  , ; Rochester,  New York 
Biometrics,  Inc . ;  Cambridge, Massachusetts 
National Statham, Inc . ;  Elmhurst, New York 
Space Sciences,  I n c . ;  Waltham, Massachusetts 
Spec t ronics  Corp.; Westbury, New York 

11. ACOUSTICAL INSTRUMENTS 

Lis ten ing ,  Inc . ;  Arl ington,  Massachusetts 
Medrad, Inc. ; P i t t s b u r g ,  Pennsylvania 
Unirad Corg,; Aurora, Colorado 



1 2 ,  SPECIAL FOODS h DIETS 

General Biochemicals; Chagrin F a l l s ,  Ohio 
Worthington Biochemical Corp.; Freehold, New Je r sey  

13. DISPOSABLE SUPPLIES 

Concept, Inc . ;  S t .  Pe te rsburg ,  F lo r ida  
Kimberly-Clark Corp.; Neenah, Wisconsin 

14. REMOTE HANDLING EQUIPMENT 

Baird Atomic, Inc . ;  Cambridge, Massachusetts 
Cent ra l  Research Labora tor ies ,  I n c . ;  Red Wing, Minnesota 
Del Mar Engineering Labora tor ies ;  Los Angeles, Ca l i fo rn i a  
Eber l ine  Instrument Corp.; Santa Fe, New Mexico 

15.  ELECTRONIC SUPPORT EQUIPMENT 

Airborne Instruments Lab.; Deer Park,  New York 
American E lec t ron ic s ,  Inc . ;  Fu l l e r ton ,  C a l i f o r n i a  
F a i r c h i l d  Camera & Instrument Corp.; C l i f t o n ,  New Jersey  
Helena Labora tor ies ;  Allen Park, Michigan 
Medical Instruments ,  Inc .  ; Por t land ,  Oregon 
3M Co., Medical Products Div.; S t .  Paul ,  Minnesota 
Savant Instruments  I n c , ;  H icksv i l l e ,  L. I . ,  New York 
Sylvania  E l e c t r i c  Products ,  I n c . ;  Bedford, Massachusetts 

16. TELEMETRY EQUIPMENT 

Biocom Inc . ;  Culver C i ty ,  Ca l i fo rn i a  
Medintron Corp. of America; New York, New York 
Signatron Inc .  ; Gardena, Ca l i fo rn i a  

1 7 .  GRAPHIC & ANALOG COMPUTATIONAL EQUIPMENT 

Adage, I n c , ;  Boston, Massachusetts 
Crane Bio-Medical Instrurneots,  I n c , ;  Elmont, New York 
Instrumentat ion S p e c i a l t i e s  Co,,  I n c . ;  Lincoln,  Nebraska 
Kollmorgen Color Systems; At t leboro ,  Massachusetts 

18,  GENERAL INSTRUmNT COMPANIES 

Artronix Instrumentat ion;  S t ,  Louis ,  Missouri 
B i s e l e c t r i c  Instrumen"cs, I n c , ;  Yonkers, New Pork 
Bionic Instruments ,  Inc.  ; t5aLa-CynwydY Pennsylvania 
Buchler Instruments ,  Inc,; Lee, New Jersey  
E lec t ron ic s  f o r  Life Sciences, I n c a ;  T Z e ,  Maryland 
Gilson Medical E lec t ron ic s ,  I n e , ;  Middleton, Wisconsin 
Hal l  Associates;  Santa Barbara,  Ca l i fo rn i a  
In Vivo Metr ic  Systems; Los Pageles ,  Ca l i fo rn i a  
Medics In s  "cramen t Corp , ; Erooklyn , Ner.r Pork 
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